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ON THE STUDY OF ANATOMY: 


By Lewettys Barker, M. B.. Tor. 


Professor of Anatomy, Universily of Chicago. 


With the advent of October, with its cool and bracing days 
and restful nights, there is regularly a quickening of activities 
in academic circles. The occupant of a professional chair, re- 
invigorated by temporary sojourn in forest or field, at the 
seaside or in the hills, resumes his teaching with renewed 
enthusiasm, and engages again in that original investigation 
which represents the most absorbing interest of his life. The 


‘An address delivered before the and students of Rush 


Medical College, October 5, 1900, 


Faculty 


student, too, perhaps, as yet less conscious of the actual need 
of an occasional remittance from his labors, has nevertheless 
had his holiday, and returns to the college of his choice ready 
for another season of diligent application and eager to begin 
once more the arduous tasks which the pursuit of knowledge 
entails. 

It has long been customary in colleges in which medicine 
is taught to call a meeting of the faculty and students at the 
beginning of the autumn session. Such a meeting permits 
of the reunion of former teachers and students and the intro- 
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duetion and weleoming of new teachers and new students. 
opportunity for the making of certain 
that 


universally a tendency on the part of the faculty to grant 


lt gives, further 


special remarks; and I have noticed there is almost 
the privilege of remark-making to some member of it who 
has lately heen added to the staff. 
most recent additions to an already large staff-family, the 


How- 


ever great a sacrifice on the part of my colleagues this may 


Jeing myself one of the 
privilege has this vear been gracefully allotted to me. 


represent, T can assure you that the new-comer on this occa- 
sion, like the distinguished member of the faculty who last 
year addressed you, considers it a great favor to have the 
opportunity of expressing the pleasure he has in coming 
among you and being counted one of you, and to meet with 
an oeeasion on which he ean more or less generally indicate 
the aims and scope of the science which he represents, and 
so publicly justify the position which he holds. Fortunately 
in this latter respect the task is an easy one, for anatomy has 
in medicine long ago won its place as a science essential as a 
basis for all the subsequent medical studies, and moreover, 
my predecessors in office have been men of such sterling 
merit, power and inspiration, that the subject is here appre- 
ciated and reverenced. Especially true is this of him who 
has immediately preceded me as the oceupant of the chair, 
and who has left it in order to aceept a chair in surgery; 
while we commiserate anatomy on losing so able a represen- 
tative, we must congratulate surgery on the enlistment in its 
service of so well trained and enthusiastic an anatomist. He 
has at this college developed, among other things, a course 
in surgical anatomy—easily one of the best given in America 

and this part of the anatomical work, T am glad to assure 


You 


join with me T know in wishing my colleague, Professor 


you, he has promised, for the present at least, to retain. 


Bevan, a continuation of that suceess which he has already 
attained in the field of his ultimate choice. 

The year in which we live marks an important epoch in 
the history of the college. Of a whole series of advances, | 
wish to call attention especially to one. Beginning with this 
autumn quarter, a closer relationship than has ever before 


existed between Rush Medical College and the University of 


Chicago has been established. Not entirely satisfied—for 


what true lover long is?-—with that “ sisterly” relationship 
which the term “affiliation” represents, the college has this 
vear appointed to two of its fundamental chairs—physiology 
and anatomy—imen who are already the oceupants of chairs 
That 


hond of union cannot fail to be of the greatest value. both for 


in the same sciences at the university. such closer 
Rush Medical College and for the University of Chieago. I 
confidently believe. That it is only the forerunner of a still 
deeper intimacy, many, | am sure, both in the university and 
the college, fondly hope. | 

On thinking over anatomical subjects in the seareh for 
material for this address, the ideas which came to me grouped 
themselves in the main under two headings: (1) What does 
the science of anatomy include? and (2) How can the study 


of anatomy best be prosecuted? Each of these headings cor- 
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responds to matter enough for a single occasion; I have, there- 
fore, decided to spend the time at my disposal this evening in 
a consideration of the former of the two questions, and to 
reserve for another time and place what | have gathered in 
answer to the latter. 

Of the whole group of the natural sciences, there is perhaps 
no other member, the province of which is less well under- 
stood by the general public than is the science of anatomy, 
As ordinarily thought of by the layman, it is a science the 
study of which necessarily precedes the practical work of 
medicine and surgery: a science which is largely, if not 
wholly, deseriptive, and one which to be mastered requires 
prolonged occupation, sealpel in hand and pipe in mouth, 
with dead and partially decomposed human beings. Such 
a view of the science, though perhaps not surprising when 
we recall the methods by which anatomy—so-called—has 
frequently in this and other countries been prosecuted, could, 
I do not need to tell you, be scarcely more widely removed 
from the truth. Anatomy is not simply a descriptive science; 
the study of it as a preparation for practical medicine and 
surgery represents only one side of its interest and usefulness; 
the scalpel is now perhaps the coarsest instrument it employs; 
its work is by no means confined to the human body alone, 
much less to the dead human body, and when it does deal 
with the latter, the material can be so well preserved that 
even the fragrant Havana is said to be more offensive to some 
sensitive souls than are the odors from the well kept prepara- 
tion room. 

Even medical men differ markedly in their conception of 
what anatomy includes, their ideas being based largely upon 
the kind of anatomy they themselves were taught, and upon 
the anatomical needs of the particular branch of medicine 
which, after graduation, they have cultivated. 

Nor is there uniformity of opinion among the pure anato- 
mists themselves, as can be readily seen by a perusal of the 
various addresses made by scientific anatomists in different 
A free ex- 


pression of opinion upon the subject has, however, gone far 


parts of the world during the last twenty years. 


to make the aims and scope of the science clearer, until at 
present its principal representatives are more nearly in accord 
with regard to them than ever before. 

In what this accordance consists, T can, T believe, make 
clearest to you by glancing briefly at the various steps through 
which the science has passed from the period when the ear- 
liest anatomical observations were recorded to the present 


day.” 


In the preparation of this address T have made free use of a large 
number of addresses made on similar occasions by other anatomists. ] 
have had no hesitation in borrowing liberally as will be immediately 
apparent to those who are familiar with the bibliography. Especially 
useful to me have been the addresses and papers of His, Hertwig, von 
Killiker, Macalister, Mell end Waldeyer. The following are some of 
the sources consulted: 

Baker, F.: The rational method of 
N. Y., 1884, xxv, 421-425. 

Bevan, A. D.: What 
course in American medical colleges ? 


teaching anatomy. Med. Ree., 
be covered in the anatomical 


And what part of this ground 


ground should 
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There he no doubt that from the earlicst times, curios- 
ity concerning and interest in the make-up of the human 
body as existed. The references to man’s body and_ its 
organization frequently to be met with in the pages of the old 
Hindu Vedas and of the earliest writings of all the Oriental 
nations make this evident. Nevertheless, the awe In which 
men stood before the human cadaver, together with the 


nenalties threatentvd by religious leaders for its molestation 
appear to have effectually prevented any systematic examina- 
tions and the little knowledge possessed by the ancients, aside 


from the conclusions drawn from animals killed for food or 


for sacrifice, seems to have been drawn from the instances in 
which. through the violence of war, the chase, or of the nat- 
ural elements, the human body became dismembered or evis- 
cerated., 


The earli 


-t dissections of the human bedy of which ne 


doubt exists are those which were undertaken at the Alexan- 
drian School (B. by Tlerophilus Erasistratus, sup- 
ported and protected by the intelligent Ptolemaic rulers. 
The nan Herophilus is still familiar to every beginner of 
anatomical studies in the term Toreular Herophili. The 


statement is made, though I hope it is not true, that these 


daring anatomists went so far, with Ptolemy's sanction, as 
hould ered in the first year? What in the second year? Proce, 
Ass. Al nat., Wash., vi, 47-49. 

Brown M.: The science of human anatomy ; its history and devel- 
opment Edinb. M. 4., ISS4—5, xxx, 585-596. 

browning, W. W.: Remarks on the teaching of practical anatomy. 
M. J., 1S04, vill, 529-541. 

Budge, d.: Die A\ufgaben der anatomischen Wissenschaft. Deutsche 
Rev SS 

Cleland, J eture on anatomy as a science and in relation to medical 
tudy. | , Lond., 1892, ii, 928, 982. 

Cooke, | | teaching of anatomy; its aims and methods. Lancet, 
Lond., 1S” i, 1158, 1350. 

Cunningham, DD. J.: Bologna; the part which it has played in the 

story of anatomy; its octo-centenary celebration. Dublin, J. M. Se., 
ISSS Vi, 45-484, 

De re, ¢ L. Anatomie, son passé, son importance et son role dans 
sciel wiques. Rey. Scient., Par., 1885, 5 s., xv, 68-74. 

Duval, Mo: Lo Anatomie vénérale et son histoire. Rey. Scient., Par., 
SSH Ho 107. 

Dwight, 4 The scope and the teaching of human anatomy. soston 
M is. J SW) ex, OS7-340; also, methods of teaching anatomy 

the Harvard Medical School: especially corrosion preparations. 
Boston M. and J., IS91, exxiv, 475-477. 


Flower, W. II \n address delivered at the opening of the section of 


uatomy rr. luternat. M. Congr., Lond., ISS1, i, 155-144. 

Gegenba ( Ontogenie und Avatomie in ihren Wechselbezeich 
ngen betr t Morphol. Leipz., 1800, xv, 

O.: Der anatomische Unterricht, Jena, 1881, 


Hlartwell, M.: The study of human anatomy, historically and legally 


ins Hopkins Univ. Stud. biol. lab., Balto., ISS1-2, ii, 


bo, 116 

His, W.: Ueber die \ufgaben und Zielpunkte der wissenschaftlichen 
Anatomie, |, pzig, 1872. 

llis, W die Bedeutung der Entwickelungsgeschichte fiir die 
\uffassune der reanischen Natur. Leipzig, 


Humphry, G. Mo: An address on the study of human anatomy. 


M. ISS7, i, 1030. 


Brit. 
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to dissect living criminals, from which Tertullian designated 
Herophilus as lanius (Fleischer). 

This opportunity for the anatomical investigation of the 
human body appears to have been unique, and it continued 
only for a short time. Even Galen’s studies, the results of 
which were held for the following ten centuries at least to be 
infallible, were limited to the bedies of animals: he recom- 
mended, it may be remembered, the study of the bodies of 
animals which 
After Galen, the natural 
which the examination of the dead body excites, together with 


apes and swine-—the in his opinion were 


nearest to human beings. horror 
the ediets of the church against dissection, prevented any 
further progress of descriptive human anatomy for a very 
The 


fallible, and that therefore no further anatomical studies were 


long period. church declared that Galen had been in- 


necessary. Fortunately for science, which knows but little 
infallibility, certain of its votaries in high faver at Rome 
gained permission, in the fourteenth century, to make dis- 
sections of human bodies, and to use them for demonstration 
hefore students. Mondini in Bologna again opened the path 
for scientific anatomical inquiry and started in Italy a move- 
ment which placed that country, as far as medicine is con- 
Students lands were at- 


cerned, in the lead. from distant 


Kolliker, von A.: Die Aufgaben der anatomischen Institute, Wurzburg, 

Krause, W.: Die Methode in der Internat. Monatschr. f. 
Hlistol., Berl., ISS4, i. 

Keiller, W.: The teaching of anatomy. 
518, 545. 

Keen, W. W.: A sketch of the early history 
Philadelphia, 1870. 

Macalister, A.: Introducing 
Brit. M. J., Lond., 1883, ii, 

Mall, F. P.: 


kins Medical School. 


Anatomie. 
Anat. u. 
N. York M. J., 


1894, ix, 289, 


of practical anatomy. 


lecture on the province of anatomy. 
SOS—S11. 
The anatomical course and laboratory in the Johns Hop- 
Johns Hopkins Hospital Bulletin, 1896, 

Meyer, von II.; Stellungund Aufgabe der Anatomie in der Gegenwart 
Biol. Centralbl., 

Marks, G. H.: The study of anatomy ; 


Boston M. and 8. J., 


ISS3. 
its position in medical educa 
tion in England and in America. ISS5, exiii, 104- 
107. 

Morris, 
ISM, ii, 1587. 

Pepper, W.: 
Institute of anatomy and biology. 


60-572. 


An address on the study of anatomy. Brit. M. J., Lond., 
the opening of the Wistar 


Mag., Phila., 1893-4, vi, 


remarks «at 
Univ. M. 


Introductory 


Robinson, B.: A plea forthe more thorough study of visceral anatomy. 
Gaillard’s M. J., N. Y., 1894, ix, 
Schietferdecker, P.: Der 
Wehnschr., Berl., ISS82, viii, 465- 
Shiels, G. F-: 
Med 


Testut: Qu’est-ce que Vhomme pour un anatomiste 


anatomische Unterricht. Deutsche Med. 
467. 
A plea for the proper teaching of anatomy. d 


Assoc., Chicago, IS04, xxiiii, 110-112. 


\m. 


Rev. Scient 


Par., ISS87, 3 s., xiii, 65-77. 
Turner, W.: 

the new buildings of the University of Edinburgh. 

759. 

R.: und 

Wehnschr., 1894, xxxi, 545-350. 
Walton, G. L.: The study of 

Boston M, and 8. J., 1882, evi, 589. 


Address at the opening of the anatomical department in 
Lancet, London, 


1880, ii, 72 


Virchow, Morgaygni der anatomische Gedanke. Berl. KI. 


anatomy in the Leipzig University. 


Waldeyer, W.: Wie soll man Anatomie lehren und lernen. Berlin, 1884. 
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tracted, as they always have been and always will be, to the 


point where progress was making the greatest headway. 


The great Vesalius, often known as the father of anatomy, 


Was amone these wandering scientists. Born in Beleium and 


educated in France, he prosecuted lis anatomical studies in 


lialy, especially when professor at Padua, to such a degree 


that he a place amone the world’s greatest reformers. 
This 


ing man, dared 


merits 


energetic, truth-seekine, idol-breaking, authority-deny- 


things as he saw them rather than 


should be, 


Lo look al 


as Galen had said that they and thus made dis- 


coveries of the anatomy: by his artistie 


first importance in 


powers he rendered many of them imperishable: best of all. 


anatomical 


he broke forever the tvranny of tradition in 
knowledge, and threw wide open the gate by which men 
must always enter in the pursuit of anatomical truth 


Vesalius was a contemporary of Luther; the year of his death 
is that of the birth of Galileo and of Shakespeare. 

It was the spirit which animated Vesalius which later led 
William Harvey, th: 
of the cireulation of 


to the discovery 
Mor- 


mode of coneeption 


» founder of physiology, 


the blood, and Giovanni Battista 
to that 


gagni, the founder of pathology, 


which Virehow has designated anatomical idea in 


medicine.” It is the spirit which is embodied in every scien- 
ho aecepts the reeords of past inves- 


fallible 


since it is human—and which, therefore, must be repeatedly 


tific worker of to-day w 


tigation only as a guide—a euide which must be 


controlled; a guide which needs constant revision on account 


r-inereasing extension of the domain of sense, and 


of the ev 


one, which, 


if not added to significantly by the scientist in 


his lifetime, will stand as an everlasting witness to his in- 
efiicieney, a 
Like all t] 


consists, of necessity, in the amassing in 


perpetual testimony to his lack of consequence. 

le natural sciences, anatomy in its earlier stages 
an empirical way 
of a store of naked facts. In other words, the subject is 
purely descriplive until a sufficient number of facts have been 
their arrangement and classification a task 
\dequate deseriy intelli- 


rent observation, wh is dependent upon the skillful 


collected to make 


worth while. 


tions nre based 


ich in turn 


use of the organs of sense, including the means which modern 


tor inventing to extend them. The body is 


hique ms ever 


examined externally and internally in its various parts: it is 
looked at: it is felt. he size, shape. color, weight, consist- 


and reciprocal relations of the 


the 


content of the 


parts are noted: the re- 


sults are recorded, attempt being made to establish the 


material science with all possible certainty, 


sharpness and clearness. The parts have first to be distin- 


cuished and named: then accurately deseribed. their nhvsical 


characters being established in laneuage. The description of 


a natural object that shall call up in the mind of the reader 


a precise image of the object and that shall serve as a reliable 
cuide to a succeeding observer, does not fall within the prov- 
ince of every man’s capacity: happy indeed is the anatomist 
who possesses the power, for as has more than once been 
pointed out, an exact and clear deseription of the known is 
often of as great value as the so-called “ diseoverv ” in the 


recion of the unknown. 
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The satisfactory naming of the various parts alone is « task 
of far greater difficulty than at first appears. An object inust 
he studied for a long time, in many countries, and by men 


who know the relations of anatomy to every subject with 
which that science is allied, before a name for a part which 
shall be in accord with all the requirements can be decided 
Almost 


series of names; periodical revisions of nomenclature by 


upon. every part has at various times received a 


repre- 
sentative committees are accordingly desirable in order 
the 


science of an immense number of names, since at best it must 


arrive at uniformity among anatomists and to relieve 
he grievously burdened. 

Iver since the time of Vesalius there has been an unbroken 
series of anatomical observers who have devoted their powers 
to the attaining of skill in dissection and anatomical deserip- 
tion. With energy and endurance and often at great personal 
sacrifice, this band of anatomists has developed this side of 
our science until it has reached the degree of precision which 
characterizes it to-day: a state indeed which many believe to 
be practically complete and incapable of further progress, 
Of the difficulties overcome by Americans in helping with this 
work since Mr. Giles Firman made the “ first anatomy of the 
country,” a good idea can be gained from the admirable his- 
torical review which we owe to FE. M. Hartwell. While it is 
obvious that there must be a temporal limit to the discoveries 
which the naked eye is to make in anatomical fields, one has 
nevertheless only to refer to the current journals to see that 
the limit has not vet been reached. But the limits of pro- 
«ress in anatomical description will by no means be syn- 
chronous with those of macroscopic discovery of the objects 
themselves, indeed, considering the complexity of man’s 
architecture and the different and ever-varving view-points 
whence descriptions are being written, it is scarcely conceiv- 
able that man will ever attain to descriptions which will be 
satisfactorily final. To the surgeon, to the artist, to the 
physiologist. to the scientific anatomist, the details of parts 
are of utterly different significance; the varying scale of 
anatomical values requires in each case a special description; 
an objective characterization of all details, merely as such 
would make anatomical descriptions so ponderous and chaotic 
Nor can ana- 


tomieal illustrations, in colors and otherwise, which are per- 


as to render them totally useless to any one. 


haps even more valuable than anatomical descriptions, eve! 
be completely objective. The exact plates of anatomical 
objects which approach of late years ever nearer to that degree 
of accuracy which will permit of the taking from them of 
mathematical measurements, never attain actually to perfee- 
tion: there must always be an element of subjectivity in them 
he with the needs of some other 


observer at some other time. 


which may inconsonant 


\vain, the greater or less degree of variability to which all 
makes it difficult fo 


to what shall be called normal, and 


parts of the animal body are subjeet, 


anatomists to agree as 

thus the same object has frequently to he described in several 
different ways and multiply and exactly represented in me 


There thus remains and ever will remain a task for 


Lures, 


| 
| 

7 

? 
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st in the domain of anatomical description and of 
llustration, 

if it ruc that in the fields just referred to there is still 
much work to be done, the statement is all the more justified 
with regard to the taking of measurements and weights of 

is parts. The shape of the natural objects is 
ys such that the localization of fixed points whence 
ditlicult—so 


the 


nearly alwi 


measure ts can be taken is rendered very 
diftieult that frequently the comparison of the measurements 
of one observer of an object with those of another observer 
of the re useless. Again, owing to the variability of 
he bodily dimensions in the two sexes, in different races, at 
he various ages of life, according to individuality or under 
ferent vsiological conditions, unless a whole series of 
data accompany a given measurement, the result may be of 
no value succeeding observer. In modern anthropology, 
however, finite criteria are always attended to and the 
measuring thod is proving to be of the highest service in 
the elue tion of the questions that science has to solve. 
The difliculties of anatomical measurement in large part 
obtain also when the weighing of anatomical objects is under- 
taken. Notable results have already been obtained, however, 
not the least of those in connection with the central nervous 
system being gained through the comparatively recent work 
of my colleague, Dr. Donaldson, in the university. The 


method to the determination of the normal 


application of the 

Thoma Nba also be referred to as the beginning of a 
long series of investigations which, in the end can scarcely 
ail to be of the greatest importance. As Llis, who has dis- 
cussed this and the foregoing subjects in an admirable man- 
ner, points out, it is diflicult to imagine how the study ol 
variations in constitution is to be approached unless this and 
similar methods are employed. As he says, it must be of 
decisive influence for the physiological capability of an indi- 
vidual, whether in his organization the musculature predomi- 
nates over his nervous system, his epithelial tissues or his 
glandular organs, whether his heart is relatively large or 
small, whether accordingly it can increase the average blood 


arteries to a slight 


pressure in the great or to a degree, 
whether the man has a large or a small liver or whether he 
has a long or short alimentary canal. The study of anatomy 
with the unaided sense-organs is, as we liave seen, one of no 
What then is 


lo be said of that descriptive anatomy which invades the 


small magnitude, and one not yet completed. 
territory in which the eye ouly with the aid of the micro- 
scope can penetrate? The field of the microscopic anatomisi 
is at least a thousand times wider than that of the macro- 
scopic Worker, and in that field, what has been said above 
concerning description, pictorial representation and anatom- 
ical measi rement, equally holds good. It will yel he long ere 
the collection of microscopic data will have been completed. 
New methods open up new problems, and at present progress, 
descriptive and microscopic anatomy may probably occupy 
ven with the methods and 


Workers for centuries to come, 
microscopes now at our disposal, we have entered a museum 


the largest part of which has yet to be accurately catalogued, 
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and who can say what new doors the methods and the miero- 
SCOPCS of the century just before us are about to open up? 
The science of histography is almost as undeveloped as was 


Columbus. Between the 


geography before the voyage of 
histographic world of to-day and the architectural world of 
stereochemistry who will dare to prophesy What rich terri- 
tories nay OXIst? 

The mere observation and registration of naked facts does 
not, however, satisfy for long the cravings of the investigating 
human intelligence. Indeed, there is something of a blunting 
character about the process if long continued without the 
synchronous operation of other faculties of the intellect. 
Man is a classifying and generalizing animal; there lies deep 
in his nature a desire to arrange the facts he observes in an 
orderly manner, with the object of understanding them. It 
isin the attempt to satisfy this human tendency that anatomy, 
instead of remaining a purely descriptive science, becomes 
elevated to a plane on a level with the other inductive 
sciences. 

Evidences of attempts at anatomical classification are found 
among the earliest anatomisis. The close resemblance of 
certam parts of one another soon gave rise to the idea of 
organic systems; such as the muscular system and the nervous 
system. The keen observations of Aristotle on the parles 
similares and the partes dissimilares may be recalled, as well 
as those of Fallopius outlined in his V'raclatus quinqgue de 
It was left to the organizing brain of 


Xavier Bichat, to get a grasp for 


parlibus similaribus. 
the young Frenchman, F. 
the first time of the relations of clementary fisswes to the 
general architecture of the body. Although, through over- 
work and impecuniosity, his penetrating eyes were forever 
closed at the early age of about 30 years, Bichat left behind 


his Ré- 


him three treatises—his * Traité des Membranes.” 


cherches physiologiques sur la vie et la mort,” and_ his 
* Anatomie générale ”"—a legacy so immense that we cannot 
help lamenting with wendering regret the too early arrest 
of his labors. Ile recognized the fact that whereas in chem- 
istry the more complex hodies are composed ol simple ele- 
ments, so in the architecture of man’s body, simple (issues 
are variously combined to form the complex mixture of tissues 
which are ordinarily known as organs. Ile distinguished 


some 2] syslems or lissues—ithe cellular, the osseous, the 
fibrous, the cartilaginous, the nervous, the muscular, the 
medullary, ete., basing his classification on the manner in 
which each tissue behaves in the presence of various reagents, 
the physical and vital properties of each and, finally, the 
character of each when met with under diseased conditions. 
In other words, Bichat was the founder of the modern science 
of histology, or, as it is sometimes designated, * (feneral 
Anatomy.” 

Before following the progress of anatomy further along 
this line, a word must be said concerning what must be re- 


varded perhaps as the first direction taken by the investigat- 


Rev. Scient 


histoire. 


Cf. Duval, M.: L’ Anatomie générale et son 


Paris, ISS86, xxxvii, 65, 107 
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ing mind toward the understanding of organic forms-—namely, 
the physiological (in its first stages, the purely teleological) 

As has long since been pointed out, the language of anat- 
omy is suflicient evidence of the long existence of the teleo- 
logical conception in this seience. For thousands of years 
the individual parts of the body have been known as “ organs,” 
and the processes going on in them as * functions.” Just as 
function was unthinkable without a corresponding organ, se 
an organ without function was inconceivable, and thus wher- 
ever, in the series of well-understood parts of the body, One 
remains over whose purposeful partierpation im the processes 

ife is not understood, towards this is directed over and over 
again the mental acumen of the investigator to assign to the 
reluctant organ a definite significance. Lt is not my purpose 
here to enter into a discussion of teleology. ‘The world has 
heen widely enough explored to utterly dispose of Chat gross 
anthropomorphic form of teleology which pointed to a 
humanly scheming architect of the universe, and whether or 
hot we accept some more correct form. of teleology Is, al 
present, matter for individual opimion. ‘This much is certain, 
that while no teleological view of nature actually exeplarns the 
organization of a human bedy, the teleological conception 
has been particularly heuristic in its effects in the investiga 
tion of the relation between the physical processes in, and 
the physical characters of, the various parts of the body. 
ver since Galen, though animated by a false teleology, wrote 
his De usu partium, in which the size, position, number, con- 
sistence and structure of the various parts are treated as 
facts which can be understood only through the investigation 
of the purposes which they subserve, this mode of considera- 
tion has been among the most intluential. lven to-day a 
large part of the profitable researeh undertaken by anato- 
mists, physiologists and pathologisis, has for its aim the 
elucidation of the relation of structure to function, especially 
in microscopic domains. ‘The work done in Ludwig's labora- 
tory was largely of this nature, and as recently as 1883, TH. y 
Meyer® has asserted that the only possible way of under- 


of them from 


standing the organs is to proceed to the study 
the physiological view-point. But if this were true, then all 
scientific anatomy would be physiology, a statement which 
narrow-minded physiologists might applaud, but which 
broader men know to be untrue. Physiology is one of the 
daughters of anatomy, and is not likely so soon to forget the 
fifth commandment. Johannes Miiller was the last great 
scientist who covered both fields of anatomy and physiology; 
since his time investigators have cultivated one of the two at 
the expense of the other, a division of labor which we must 
recognize on the whole as beneficial, though that it is aceom- 
panied by certain drawhacka must also be confessed. Espeei- 
ally difficult is it to sharply separate the study of strueture 
from that of function in the science of eytology, founded by 


Sehleiden and Schwann, pupils of Johannes Miiller in the 
'Cf. His, W.: Ueber die Bedeutung der Entwickelungsyeschichte fiir 
die Auffassung der Organische. Natur. Leipzig, 1870. 
Mever, 
wart. Biol. Centralbl., 1883, No. 12. 
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fourth decade of this century. The development of the cell. 
doctrine, modified as it was somewhat later by the introdue- 
tion of the protoplasm-theory by Max Schultze, marks a 
most important epoch in the history of both anatomy and 
physiology. ts value for the more practical side of medicine 
is sulliciently in evidence when one of its direct outgrowths, 
the cellular pathology of Rudolph Virchow, is recalled. ‘The 
appalling elaboration of technical methods during the last 
few years has led to the accumulation of cytographic data 
which remove ail the comfort we once had in looking upon 
the cells as elementary structures. Though cytophysiology 
is as yet far behind cytography in its state of development, 
there no longer remains any doubt that in approaching th 
cell we stand before an organism of chormous complexity of 
constitution, endowed with functional activities which must 
for long remain to us unfathomable. Any one who has 
worked much with protoplasm and nucleus, with arehiplasm 
and centrosome, with cell-fibrils and cell-granules under 
various physiological conditions, cannot fail to appreciate the 
fact that here only the threshold of inquiry has been crossed— 
the exploration of the real nature of the cell only just begun. 
Indeed the evidence is fast accumulating in favor of the 
opinion that many of these morphonuclear cell constitu 
ents represent precipitates due to the action of reagents, 
and the laws governing their regular appearance under deli- 
nite conditions are being investigated. It is exactly in these 
studies that structural and functional investigation still di 
well to go hand in hand, a fact which a survey of the cyto- 
logical handbooks, now becoming so numerous, will show, is 
meeting with general recognition. IL believe it was Du bois 
Reymond who ventured the statement that “an ocean steamer 
with all its machinery and intricacies of construction is far 
less complicated in its composition than a eell.” Would that 
the cell were no more complicated than the ocean steamer in 
construction!—the modern investigator would then soon be 
ready with the solution of its problems. Alas! the difliculties 
are not confined to the study of these organisms as indi- 
viduals; already we have entered upon the investigation o! 
their social relations, and cell-altruism and cell-egoism, cell- 
states and revolutionary cells are discussed as actively among 
cytologists as are the similar social questions concerning 
organie individuals of another order by the people at large. 
Further, in cytophysies and cytochemistry, research is at 
present most active—these subjects representing one of the 
most interesting subdivisions of recent physiology. Should 
the gulf between the present microscopic picture of the cell 
and its chemical structure ever be bridged, stereochemistry 
would enter into the domain of anatomy. So much in gen- 
eral, with regard to the physiological view-point in anatomy. 

Closely allied to the foregoing, and in reality an offshoot 
from it, is the mode of consideration of the surgical and 
topographical anatomist. In this branch, the individual re- 
gions and eavities of the body are dealt with with recard te 
the reciprocal position of the various organs and systems. 
Surgieal anatomy studies these relations only in so far as they 


are of importance in operative procedures; topographical an- 
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atomy, a Wider subject, studies the relations mentioned and 
independently of their significance to the surgeon. The 
various regions of the body are studied sometimes in layers, 
sometimes with regard to serial clues to a particular structure. 
Sections of frozen cadavers have here proved to be of great 
value for the study of relations and for helping the student 
fo make mental reconstructions of the parts analyzed by dis- 
section. Surgical and topographical anatomy are thus seen 
to be subjects of very high practical importance—the former 
especiall\ for the surgeon, the latter also for the worker in 


internal medicine. It is this kind of anatomy which has been 
brought to so high a state of cultivation in Great Britain, 
and especially in London, where most of the anatomy has 
heen taught by men in surgical practice. Valuable as such 
instruction is for surgery and medicine, it should not be for- 
votten that it is applied anatomy rather than anatomy proper, 
and no less a seientist than Macalister has deplored the 
lack of advances in anatomy in England, attributing it largely 
to the one-sided mode of instruction in vogue, and to the 
examinations, to the passing of which the teaching is in large 
part directed. Surely certain morphological considerations 


are as important for the student of anatomy as the learning 
hy heart of the various relations of an artery, especially if the 
student = not to hecome a surgeon, it would be melancholy 
indeed if there were not at least some members of the ana- 
tomical classes who regard the study of the architecture of 
the brain and spinal cord as interesting and as important as 
that of the perineum. 

But anatomy as a science would never have attained to the 
dignified position it now holds had the minds engaged with 
it remained satisfied, after observing and registering its ma- 
terial content, with attempting the explanation of the human 
hody from the physiological view-point or by exhausting the 
possibilities of its relation to the surgeon’s knife. 

As in the other natural sciences, the causality-need of the 
intelligence has forced the anatomist to undertake the investi- 
gation of the origin of the organic forms which he studies, 
and of the relations of these forms to other similar and dis- 
similar organic forms accessible to examination. In other 
words, the comparative and the genetic methods of study 
have heen resorted to. Comparative anatomy and embry- 
ology together constitute morphology, at least in the sense 
in which the term is ordinarily used, and in morphology we 
recognize the part of anatomy which makes it truly worthy 
of being designated a science. 

In the application of the comparative method, not only are 
the different parts of the human body compared with one an- 
other—the arms with the legs, the brain with the spinal cord, 
the skull with the vertebral column, the various segments and 
segmental partitions with one another—but man, recognized 
as a member of a long series of animals, is compared with each 
of them in turn, and they with one another, with the object 
of establishing groups of type forms and of learning the plan 
of architecture, net only of the single creature, but also of 
the whole 


series. At first, anatomists studied the forms 


which to them seemed to resemble man most closely, but the 
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gradual transition from one form to another was so striking 
that animal after animal was studied until finally the whole 
world of organisms has been submitted to the examination 
of the comparative investigator. Oken and Goethe, Cuvier, 
Meckel, Geoltroy, St. Hilaire, Lamarek, Wallace, Darwin, 
Haeckel, Huxley, Gegenbaur and Leidy are names which have 
hecome very familiar to us in this field. The world of living 
creatures is a unitary system, of which man is an inseparable 
portion. TVirst, when the whole system has been worked 
through do the form and significance of many of man’s parts 
hecome intelligible. The animal series can be thought of as 
a tree with the simplest forms at the root, the trunk branch- 
ing at its origin, each branch in turn subdividing into limbs 
and twigs until the highest degree of differentiation is 
reached. It is this recognition of the lawful relation of 
organisms to one another which the study of comparative 
anatomy has afforded us. Such a recognition, now general, 
was little less than startling to those who first arrived at it. 
That it pointed to some more general law was obvious. As 
(ioethe himself, no mean participator in comparative studies, 
heautifully expressed it: 
*¢ Alle Gestalten sind abnlich und Keine gleichet der anderm, 


Und so deutet das chor auf ein geheimes Gesetz.”’ 


Ilas this secret law been discovered? Many believe so and 
look upon Darwin’s doctrine of descent as a generalization 
worthy, on account of its scientific value, of being placed side 


Whether the 


evolutionary doctrine be unequivocally accepted or not, cer- 


hy side with Newton’s theory of gravitation. 


tain it is that the relationship of forms which comparative 
anatomy reveals, finds in this genealogical conception of Dar- 
win a more satisfactory explanation than any other hitherto 
offered. 

Closely allied to the phylogenetic mode of consideration is 
that which we designate as the embryological ontogenetic or 
developmental. In the human species, as in every other, the 
life of the individual member is of short duration; each 
human organism has a beginning, a period of growth and 
development, followed, even in the life of maximum length, 
in the course of a few decades, by decline and death. Gener- 
ation follows generation as wave follows wave on the surface 
of a ruffled sea. In the transference of life from one genera- 
tion to another the material substratum sinks to a minimal 
amount—the new human being begins as a fertilized egg-cell 
1-120 of an inch in diameter, weighing only a minute frae- 
tion of agramme. From this simplest of beginnings it gradu- 
ally passes through a long series of developmental stages, the 
character of these stages varying somewhat under environ- 
mental influences, each stage being the nnecessary consequent 
of a preceding stage, and at the same time the necessary ante- 
cedent of the stage which follows it until finally the organism 
attains to the fullness of differentiation of which, under the 
circumstances of its environment, it is capable, 

In this long series of developmental stages which every 
mammal passes through, the earliest are very, very simple and 
correspond in form closely with the lower forms in the animal 


kingdom. But as cell-division in the embryo proceeds, the 
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shaping of the organism becomes more complex, resembling 
ivher and higher forms of animal life, until finally that of 
mammals is assumed. Even at this period the unskilled ob- 
server might easily be confused if he were required at a glance 
to distinguish a human embryo from those of several other 
mammals at a similar period of development. Ultimately, 
the differential characters of the species become clearly 
marked, and even the tyro can easily recognize them ~The 
more skilled the observer, however, the earlier in the develop- 
ment will the species-eriteria be decisive. 

(‘omparative embryology becomes all the more astonishing 
a study when we realize that the embryological history of 


] 


every higher animal is, for a long period at least, almosi 


identical with that of a whole series of allied forms. No 
wonder, then, this state of things being acknowledged, that 
the embryologists, like the comparative anatomists, have pie- 
tured the genetic relations of the different animal forms alse 
asa tree, a tree which on close examination is found to accord 
very closely with the tree of relationship constructed by the 
comparative anatomists. 
Comparative anatomy and embryology are, therefore, 
closely interwoven subjects, and each may, in a way, be looked 
upon as a control for the other, though each has its special 
problems, and each sets about the solution of these in a 
Take, for example, the attempts 


at an explanation of the series of forms through which the 


manner peculiar to itself. 
individual passes in its development. Many comparative an- 
aiomists, accepting Darwin's doctrine of the origin of species 
through a struggle for existence among generations iniluenced 
by heredity and variation, would explain the development of 
the individual member of a species as a temporarily com- 
pressed reeapitulation of the developmental course of the 
While this doetrine that 


species as a whole. “ontogeny re- 


peats phylogeny ~ has been maintained by eminent scientists 
there are others who are unwilling to accept what cannot be 
proved; and some of the embryologists especially feel it their 
province to attempt to explain from embryological studies 
alone, and without reference to phylogenetic history, the 
origin of the various form-stages through which the = indi- 
Already ereat strides have been made in ihe 


vidual passes, 


direction mentioned, especially through the investigation o| 


the laws of growth; and the field of developmenial mechanies. 


though so lately entered upon, has proven to be one of the 
most fruitful of those thus far tilled. One of the foremost 
Investigators alo uy these lines voes so far as to assert that 
the growth of every organic germ must, as a process strictly 
regulated according to time and space, possess a mathematical 
expression in which the velocity of growth of each point is 
determined in its dependence on the time and the position. 
Whether such formule will ever be set up and the kingdom 
of organie forms thus subordinated to the demination of 
simple numbers, seems doubtful, but in any case the con- 
ception is an interesting one. We need not, however. look 
into the nebulous distance for the advantages to accrue from 


facts 


developmental study. Near at hand are thousands o 


of the greatest importance for anatomy as a whole and for 
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the practical branches of medicine and surgery to be gained 


only through this method of study. Searcely a part of th 


hody but what is now better understood than was otherw 
possible. IT need only mention the remarkably complicated 
morphology of the brain and the sense organs, the distribu 
tion of the intestines, the grouping of the various voluntary 
muscles, the puzzling course followed by certain of the 
nerves and of the reproductive organs in the two sexes, to 
call to mind some of the features which embryology has gone 
far to illuminate. 

| dare not pass by unnoticed here two phases of investiga- 
tion which naturally follow upon the others, but which have 
only very recently begun to be extensively cultivated, vi 


Listo- 


venesis stands in the same relation fo comparative histology 


those of histogenesis and of comparative histology. 


as does embryology to comparative anatomy. Indeed, it is 


simply pushing the microscope into embryology and com 
parative anatomy, and is, in a way, comparable te the advance 
from gross descriptive anatomy to microscopic anatomy. — by 
histogenesis we mean the study of the development of the 
individual tissues, including that of the individual cells (eyio- 
genesis). By comparative histology and cytology we refer to 
the comparative microscopic study of the various tissues and 
cells through a series of animals. The light thrown upon 
many of the unsolved problems of structure by these methods 
is unexpectedly brilliant, and the future has much to hope 


from it; MacCallum, too, has shown how important these 


methods can be in helping to explain certain pathologica 
phenomena met with in heart-muscle, and there can be little 
doubt that we are on the brink of the discovery of a serics 
of relations between histogenetic conditions and pathological 
processes. 

Lastly, as a crowning piece to the whole system of ana- 
tomical study, experimental morphology must be recognized. 
As but a child among the kindred sciences, it is of robust 
constitution, being the ollspring of vigerous parents, and, in 
this country especially, in an environment most suitable for 
iis healthy growth. The anatomist is no longer confined to 
the study of adult forms, or of forms in their natural moc 
of development; he can now, to a certain extent, artificially 
control form-production by resorting to the experimental 
method. 
heteromorphism, upon the artificial production of malforma- 


The experiments which have been made upon 


tions, and upon the grafting of embryos, are full of interest, 
so much so as to disturb the equanimity of the soberest o! 
scientists. During the last year or two we have been—I was 
coing to say—shocked by the bringing of the proof by my 
colleague, Professor Loch, that the eggs of several forms not 
naturally parthenogenetic can be fertilized—or at any rate. 
brought lo development in the absence of spermatozoa, solely 
through the action of (7) physico-chemical influences. With 
miracles such as these already performed, we can but stand in 
awe of the work of the future. 

Most sketchily and imperfectly I have tried to vive you an 
idea of what the study of anatomy includes, viz.: descriptive 


or systematic anatomy (gross and microscopic), physiological 
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anatomy, surgical and topographical anatomy, histology or 
veneral anatomy, including histography and cytology, com- 
parative anatomy, embryology, comparative histology and 
embry vy, histogenesis and lastly experimental morphology. 
Assuredly the subject is wide. It is, I am sorry to say, too 
wide to be mastered in all its details even when a whole life- 
time is levoted exclusively io it. The scientifie anatomist, 
after familiarizing himself with the main facts and principles 
ts various subdivisions, does best. in agreement with the 


ereat law of division of labor, to direct his efforts towards 


the acquisition and promulgation of knowledge in some one 
portion of it. 

And w for a word of welcome to the class just entering 
upon ti study of medicine. You have taken, gentlemen, 


the first direct step which is to lead you into ene of the noblest 
professions in the world—into a profession in which your 
lives are to be conseerated to the service of suffering men 
and women, You have to learn the laws which rovern health 
and thos which underlie disease, You, like your prede- 
cessors, will find that a large proportion of your time and 
energy in life will be directed toward the prevention of the 
occurrence of disease, rather than to the cure of it, for medi- 
cal men have the proud distinction of being perhaps the only 
workmen “who make it their first duty to stop the sources 
of supply from which they derive their income.” — Hard work 
during the next four years will be required of every one of 
you; indeed, your time will be so occupied and your mentai 
powers so strenuously engaged that you will have but litth 
opportunity for recreation or for the amenities of life. Bui 
while this is the most difficult period of your career as far as 
intellectual work is concerned, do not, L beg of you, forget 
altogether the man in the making of the physician or surgeon. 
However much your instructors may stimulate you, however 
much work they may ask you to do, you will be wise if you 
retain some period of the day, be it only half an hour or even 
less, When you can withdraw from men and medicine and in 
some quiet nook indulge a wholesome longing for good gen- 
eral literature. IXcep your old friends by you—your Plato 
and Marcus Aurelius, your Emerson, Carlyle, your Dante, 
Shakespeare and Milton, your Goethe, Shelley and Neats. 
If your osteological studies prove refractory you may find 
the stoicism of Epictetus a remedy for your disturbed 
spirit; after the depressive influences of pathological anat- 
omy the lyric of Goethe, the raptures of Shelley, or an 
essay of Stevenson may prove to be uplifting: to combat the 
intoxicating fumes of the chemical laboratory iry the anti- 
dotal elfects of Burton, of Sterne or of Rabelais. The time 
so spent will not only be revivifying for the moment, but 
will he of the greatest value to you in your professional life 
alter graduation. Skill is more and more reverenced, but 
skill without culture has lost half its power. And culture, 
like reputation, has not only to be gained but to be kept, 


hor is it gained or kept without effort, without constant 


Vigilance, 


Permit me to hope that vou have laid broad foundations in 
the seiences which are fundamental for medicine; viz.: 
phvsies, chemistry and biology. Without thorough training 
in these it is impossible to keep abreast of the rapidly swelling 
tide of discovery in modern medicine, If, further, you are 
familiar with the French and German languages you will 
find it possible to become conversant with important new 
facts and discoveries months and sometimes years before they 
enter into the English text-hooks. Of the distinctly medical 
sciences, anatomy, physiology and physiological chemistry, 
together with pathology, form the framework upon whieh all 
the rest of the medical sciences are built. Failure to make 
this framework solid renders the superstructure inevitably 
unsafe. Do not forget that the medicine of to-day differs 
from that of the years close behind us chiefly in the substitu. 
tion of “handeraft” for much of the former * redecraft.” 
In these days, too, as it has well been put: * The eye cannot 


sav unto the head, I have no need of thee.” Instead of 


f others about things as of yore 


accepting the statements « 


the medical student is nowadays being made to do things. 


Instead of memorizing text-hbooks, quiz compends and lecture 


notes, he is more and more required to study the natural 
objects, to observe accurately, to record concisely and ade- 


quately, to experiment intelligently. While wood lectures, 


cood recitations and text-hooks still have their place, 


the student is wisely encouraged to interrogate Nature for 
himself and to believe in the replies he obtains from her 


rather than to put implicit confidence in the descriptions of 


others. 


The new methods of medical education are costly; they 


demand large laboratories, expensive equipment and seientifi- 


cally trained instructors. They cannot be satisfactorily in- 


troduced into schools where the sole income is derived from 


the fees of students; large endowments are absolutely essen- 


tial for the proper carrying out of the plan. 


Finally, gentlemen, let me give expression to the hope that 
among this class now entering, besides the large number who 


will go on into beneficent and successful practice, there may 


he some who, willing to scorn delights, to live laborious days, 
will set before them the high hope of making actual additions 
to knowledge. It is not fair that we should accept the gift: 
of our forerunners without making the effort ourselves to 
enrich the generai stock of knowledge. The paths of inves- 
ligation are not smooth; the way of research is diflicult. But 
the goal is strife-worthy, and the rewards are sullicient. 

In closing then let me quote those stirring words of the 
sage of Chelsea, which 1 excerpt from his Sartor Resartus. 

“ Produce! Produce! Were it but the pitifulest infinitesi- 
mal fraction of a Product, produce it in God’s name! “Tis 
the utmost thou hast in thee: out with it then. Up, up! 
Whatsoever thy hand findeth to do, do it with thy whole 
might. Work while it is called ‘To-day, for the night cometh, 


wherein no man can work!” 
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ON THE OCCURRENCE OF TALLS IN MAN, WITH A DESCRIPTION OF THE CASE REPORTED 
BY DR. WATSON. 


I}arrison, Pr. D., M.D., 


By Ross GRANVILLE 


tssociale Professor of Anatomy, Johns llopkins University. 


Some years ago Bartels’ gave an excellent resume of our 


knowledge and beliefs concerning the oecurrence of eaudal 


appendages in man, showing that references to this peculiar- 
ity are to be found as far back as the writings of Pliny and 
Pausanias. Appended to Bartels’ paper is a map, which 
hows the various lands supposed at one time or other to have 
heen the haunts of human races with tails. hese regions 
include not only widely distant portions of South America, 
\sia and Africa, but also the greater part of western Hurope. 
While 


classed as legendary. it is of interest to note how persistent 


many of the statements cited by Bartels are to he 


and wide in range the belief in the existence of such races 


has been. The most remarkable stories have been told and 
have found credence; in these the significance of the caudal 
ippendages has been variously interpreted. On the one hand, 
a tail has been considered a distinetion of the highest degree, 
even a mark of divine descent, as in the case of the Ranas of 
Poorbunder: on the other hand, it has usually been looked 
ipon as a curse or a stigma of degradation. 


While careful investigation of the many travellers’ stories 
has invariably given negative results regarding the existence 
of tailed races, so many individual instances of homo caudatus 
have been observed, that the popular belief in them has been 
kept alive without difieulty. With the growing interest shown 
hy anatomists and anthropologists in the subject, the number 
of cases which have been reported has become considerable, 
and the fact that the human embryo at a certain period of de- 
a tail-like appendage has lent 
18s | 


velopment is provided with 


color to the discussion of the Bartels in 


question. 
referred to one hundred and sixteen persons who had recorded 
observations upon tailed men. Of these, over sixty cases had 
[892 Schaeffer * 


Pyat- 


heen more or less completely deseribed, In 


collected additional cases, adding in all twenty-five. 


M. Bartels Archiv f. 


xv, ISS4 


Die geschwinzten Menschen. Anthropol, Bad. 


These were the rulers of the Jaitwa or Camari, one of the Rajpoot 


tribes. «+ They trace their descent from the monkey-god Hanuman, and 


contirm it by alleging the elongation of the spine of their princes, who 


bear the epithet * Pooncheria, or the long-tailed Ranas of Saurashtra.’’ 


lod 
Western Rajpoot States of India, vol. i, 


James Annals and Antiquities of Rajast’han, or the Central and 


London 1829. 
this in the stories regarding a certain 


Bartels cites an instance of 


community of tailed men in Turkestan. These were held in the utmost 


contempt by the other people, and were therefore condemned to con- 
They were referred to as “ Kuju rukly Tatar,’ which 


The tail 


stant inbreeding, 


in German is rendered Stinkendes Ungeziefer mit Sehwinzen.”’ 


was supposed to be a special curse in that it hindered the possessor 


from sitting properly on his horse. 
\etiologie der Schwanzbildungen beim 


Schaeffer: Beitrag zur 


Archiv f 


‘Oskar 


Menschen \nthropol., Bd. xx, 


nitski*® has also given an elaborate account of the subject, 
and still more recently Kohlbruewve, in connection with an 
admirable description of a very interesting case, has made 
valuable comparisons with previous work. From the United 
States five cases have, to my knowledge, been reported.’ 
Undoubtedly we have in these so-called tails a most hetero- 
Anything appended to the 


Many do 


actually bear certain resemblances to the tails of lower ani- 


geneous collection of anomalies. 


sacral or coeeygeal region is described as a tail. 


mals, and have in fact been compared with a great variety of 
these. On 
shape and accompany the condition of spina bifida, while 


the other hand, some are vesicular or of irregular 


others are to be classed as teratomata or other tumors. A 
further very significant fact is that a large proportion of the 
cases have been complicated by the coexistence of ectopia 
viscerum, hypospadia, atresia ani, or deformities of the limbs, 
from amniotie adhesions. 


all of w 
This circumstance has led Schaetfer to the conclusion that 


lich are known to result 


human caudal appendages are always due to this cause.’ 
There are, however, a great many cases in which the ana- 
tomical relations of the tail are such as to indicate that it 
owes its existence to the persistence of at least part of the 
vestigeal tail found in the human embryo. In some of these 
it seems that the coceyx extends down into the tail, though 
there is no good evidence that there is ever an increase over 
the normal number of coccygeal vertebra in these instances. 
Under this latter head would come the majority of the adher- 
ent (angewachsene) tails described by Bartels,’ and also some 


[.8. Pyatnitski: On the Question of the Formation of a Tail in Man, 
and of Human Tails in General, according to Data from Literature and 
Personal Researches. Dissertation. St. Petersburg, 1895 (Russian) 
F. Kohlbrugge: 
und das Gesetz der Riichscklagsvererburg. 
voor Nederlandsch-Indié, Deel Ivii, 1898. 
Child Brooklyn Medical Journal, vol. 


Schwanzbildung und Steissdriise Ges Menschen 
Natuurkundig Tijdschrift 
7 Dickinson: A with a Tail. 
viii, IS04, 

Halsted Myers: A Caudal Appendage. 


Pathological Society, (1895) 


Proceedings of the New York 
Julian Berry: Baby with a Tail. Memphis Medical Journal, vol. xiv, 
1894. 

A. Ecker: 


glatze (glabella coecygea 


Der Steisshaarwirbel (vertex coceygeus), die Steissbein- 
)und das Steissbeingriibchen (foveola coecy ea), 
wahrscheinliche Ueberbleibsel embryonaler Formen, in der Steissbein- 
vegend beim ungeborenen, neugeborenen und erwachsenen Menschen. 
Archiv f. Anthropol., Bd. xii, 
him in a letter from Dr. Neumayer, of Cincinnati. 


Miller: Medical and Surgical Reporter, 1881. 


ISSO. Ecker describes a case reported to 
Not accessible.) 
Archiv f. 219. 

'M. Bartels: Archiv f. 
xiii, INSI. In this paper Bartels classifies persistent tails, dividing them 


into two main types, adherent and freely suspended (freie); of the latter 


Anthropol. Bd. xx, p. 


Ueber Menschenschwinze. Anthropol., Bd. 
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APRU 


which the tail projects free from the trunk as, for 


Cases 


_ cases deseribed by Braun,” Ornstein,* and by Diek- 


msta 
inson. ‘Che majority of the embryonic tails contain, how- 
ever, no prolongation of the vertebral column but are classed 
Virchow calls soft tails (wetche Schwianze). 
DESCRIPTION OF CASE. 
\| L year ago Dr. Watson exhibited before the Johns 


Hopkins Hospital Medical Society a baby with a tail, which is 
an e of the last-named class.” The tail was removed 
| through the kindness of Dr. Watson, who gave me 
the specimen as well as his notes of the case, | am enabled to 
make airly complete report on it, including a description 
ts histological structure. 

The child, which was the third in the family, was a healthy, 
In its family history there is nothing 
which throws any light upon the case. Aside from the tail 
presented only one other slight deformity, and that 


vell-developed male. 


the baby 

as in the four outer toes of the right foot. These toes were 
shorter than the normal ones of the left foot, their tips were 
turned up and the nails were small and thick. The phalanges 
of these toes were short and there were but two in each toe. 
The vreat toe of this foot was normally developed. 

The tail appendage was attached in the mid-line about one 
centimeter below the tip of the coceyx. Examination of the 
veal region showed a well marked foveola coceygea 


(Reker) (Pigs. 1 and 2), but owing to the extreme fineness 
of the hairs of this region, which to the unaided eye were 
quite invisible, it was impossible to distinguish any particular 
eocevgeal bald spot or alabella coceygea Beginning 
a little to the right and below the foveola is a sharply defined 
groove, Which runs obliquely downward and to the left be- 
tween the buttocks and passes TO the left of the root of the 
tail. 

The appendage itself was of firm consistency, though con- 
taining no bone. It was covered with normal skin, contain- 
hairs, and was apparently well vascularized. Three 
The basal 


piece was short and on the dorsal side scarcely marked off 


ing fine 
distinct portions or segments could be made out. 
from the next following, except when the tail was in a state 
of contraction (Fig. 2). On the ventral side a transverse 
furrow separated it from the next portion. ‘The middle seg- 
ment had a length of 25 mm., was curved a little to the right 
and tapered somewhat towards its distal end, where the much 
nore slender end-segment was attached. These two portions 


were separated by a constriction more marked on the left side. 


number of subdivisions are made, between which, however, the distine- 
tion does not seem to me to be sharp. 
M. Braun: 


senen Menschen. 


Ueber rudimentire Schwanzbildung bei cinem erwach- 
Archiv. f. Anthropol, Bd. xiii, 1881. 
Schwanzbildung beim Menschen. Archiv f. Anthropol., 
Bd iii, ISS1. 
RK. Virchow: Scehwanzbildung beim Menschen. Deutsche med. Woch- 
enselir., 10. Jahrg., 1884. 
W. T. Watson: 


Appendage. Proc. J. H.W. Med. Soc. Johns Hopkins Hospital Bulletin, 


Exhibition of a Three-months’ Infant with a Caudal 


vol. xi, 1000 
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The terminal segment curved to the right and ventrally and 
ended in a rounded blunt extremity. On the whole, the tail 
vave an impression not unlike that of a pig’s tail, a similarity 
which has been noted in a number of cases previously re- 
ported, 

The hairs upon the tail, which were considerable in num- 
her, were plainly visible to the unaided eye, They pointed 
towards the tip, as could readily be confirmed by examination 
of longitudinal sections (Fig. 4). The convergence of the 
hairs towards the tip of the tail corresponds with the arrange- 
ment of the hairs in the coccygeal whorl (verlee coccyyeus ol 
Kceker), found in normal, tailless individuals, and sup- 
posed io be a vestige of the embryonic tail. 

Two weeks after the birth of the child the tail was 4.4 em. 
long: at the age of two months it had grown to 5 em.; and at 
six months, when it was removed, it had attained the length 
of 7.0 em., showing altogether a fairly rapid rate of growth. 

The most remarkable characteristic of the tail was its 
movability. When at rest it would lie extended in the mid- 
line (Fig. 1), or bent over to one side upon the buttocks. 
The mother of the child said that she had seen the tail bent 
through an angle of 180°, its tip pointing towards the head. 
It must, however, have been brought into this position pas- 
sively, for, as will be seen later, there was nothing in the 
arrangement of its muscles which could account for this. 
When the child was irritated, and cried or coughed, the tail 
would contract markedly. Between the basal and middle 
segments but litthe movement was possible; the contraction 
of the muscles merely brought out the constriction between 
Between the middle and 
The latter 


ihe two portions more plainty. 
distal segments the movement was considerable. 
could be drawn in sharply, telescoping the middle segment, 
and at the same time flexion to the left side took place. 
During this action the middle segment became much shorter 
and thicker. 

When the child was about six months old the tail was 
The amputated appendage was 
After it had 
heen washed and kept in strong alcohol for some time it 
It was then cut into four pieces 


removed by Dr. Watson.” 
put immediately into Zenker’s fluid to harden. 


measured 5.3 em. in length. 
with a sharp razor, and the pieces were imbedded in celloidin. 
Cross sections were cut at three different levels, near the 
hase, proximal to the second joint, and near to the tip, as is 
indicated in Fig. 4. After a few transverse sections were 
eut off, the pieces were stuck together and reimbedded in 
celloidin for the purpose of cutting longitudinal sections of 


ihe whole. 
From the study of sections it is seen that the skin covering 
the whole of the tail exeept a limited area on the ventral sur- 


‘It seemed advisable to remove the tail, not only in order to accede 
to the wishes of the child’s parents, who regarded its presence with 
chagrin, but also on more practical grounds. It looked as if the tail 
might become the seat of a troublesome intertrigo. Besides, its rate of 
growth was considerable, and it did not seem unlikely that the 
appendage might have later attained undue proportions, causing, as has 
been reported in several instances, considerable inconvenience in’ sitting. 


(See Lissner: Virchow’s Archiv, Bd. 99, 1885, 
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face is of normal structure. The layers of the epidermis are 


list uishabl The thickness of the skin varies some- 
vhat. Near the base of the tail on the ventral side it is 
found to be quite 2 mim. thick, while on the dorsal surface of 
{ same portion it is searcely 1.5 mm. Further out, « e. at 


e middle cut (Fig. 4,4), there is the same difference in 
thickness between skin of the ventral and dorsal surface 
(Fig. 5), although the skin is here not quite so thick as at 
the base. Near the tip the thickness throughout the whol 
circumference is nearly 1.5 mm. The greater thickness of 


the skin on the ventral side at the base is due principally 
to the epidermis, the corium being more nearly uniform 


throughout. In the thickened area the epidermal ridges ex- 
tend down deep into the eutis, and the papille are very long 
and slender. The various integumentary organs, sweat glands, 
sebaceous glands and hairs, are numerous and of normal 
build. In longitudinal sections (Fig. 4) it may be very plainly 
seen that the hair follicles are obliquely inserted, the hair 
pointing towards the tip of the appendage. This is with- 
out exception the case in the proximal two-thirds of the tail, 
although the regular arrangement is somewhat disturbed at 
the crease where the distal and middle segments join, especi- 


ally on the left side. The corium contains a very abundant 
supply of elastic fibres which may be readily demonstrated in 


tions stained by Weigert’s method. 
Beneath the skin the main bulk of the tail is made up of 
Blood-vesst ls, herves, 


There 


is no trace of anything like the medullary cord or of noto- 


areolar tissue containing much fat. 
and striated muscle fibres are imbedded in this mass. 
chordal tissue, as Gerlach found in the tail of a fetus of four 
months. 

The voluntary muscle consists of a few bundles of fibres 
which take origin from the subcutaneous areolar tissue near 
the proximal end of the middle segment. ‘They lie on the 
left side not far from the mid-line (Figs. + and 5), and run 
distally in parallel bundles diverging somewhat towards 
their insertion in the skin just beyond the joint between the 
middle and distal segments. The majority of the fibres are 
attached on the left side; a few, however, pass to the skin of 
le: and others are attached to the dorsal surface, 
and perhaps a few ventrally. The action of the muscle is 
thus clearly explained by its anatomical relations. There 
are no muscle fibres running between the trunk and the tail. 

On the right side near the middle of the tail there are a 
few muscle fibres (hie. 5, 17’), but these are isolated in smali 


bundles or as single fibres by a cense stroma of connective 


tissue. Moreover, nearly all of these fibres are in a state of 
degeneravion. The fibrils are less distinct than usual. and 


the nuclei may be found seattered throughout the substance 


e fibres. The muscle is, in fact, in an advanced stage of 


TLL pte atropny. 
No one of the hlood-vessels stands out precininently in 
size. ‘The largest artery is on the left side, held in place by 


strong connective-tissue bundles. This may be seen in see- 


tions through the middle (Fig. 5, 1), as well as through the 
base of the tail. There are several smaller vessels in the 


vicinity. ‘Two small arteries are seen in the right dorsal 


quadrant near the centre and one just beneath the cori 


to the left of the mid-line. The veins are small and ineon- 


There is nothing to be seen of a tuft-like branch- 


spi uous, 

| 

deseribes in one of his ea 
There is, 


however, an abundant supply of blood-vessels in the corimn, 


ing of the vessels as Virchow 


nor is there anything resembling erectile tissue.” 


A number of small nerve trunks (Fig. 5. NV) run longiiu- 


dinally in the areolar tissue of the appendage. ‘The majority 


of these accompany blood-vessels. 


Similar Cases.—While it is not practicable to enumerate 


I 


here all of the similar cases which have hitherto been re- 
ported, there are some which for one reason or other are of 
especial interest. The tail of a Moi,” ten years of age, which 
had attained the length of over twenty-five centimeters, is 
interesting on aecount of its size. Many of the cases have 
heen deseribed very briefly and only as regards external ap- 
pearance. There are, however, a number of cases whieh ha 

either been dissected or examined microscopically. These 
include Greve’s case deseribed by Virchow,” and cases re- 
ported by Meyers,” Vinogradow,” Rodenacker * and Schebold- 
avell,~ all of which agree with the present case in general 
structure but differ from it in the absenee of muscle. In 
two other cases, however, described by Pyatnitzki * and Ger- 
lach,* respectively, striated muscle fibres were found, and it is 
to be assumed that such tissue was present in Neumayer's 
ease, for the tail in this instance could be excited .to reflex 
contraction by stimulation of the sacral region. The compli- 
cated arrangement of the muscles found in some instances is 
associated with the occurrence of bone, as in the ease de- 
scribed by Hennig and Rauber,* and especially in Kohil- 
brugge’s case. The tail deseribed by Gerlach in a feetus of 
1.6 em. also contained a continuation of the notochord, which 


has as yet never been seen tn older subjects. 


Tur Tatu in roe IlumMan Embryo. 


The caudal region in human and other mammalian embryos 
has already been described by Ecker, Lis, Weibel, Fol, Braun 
and others. These accounts, while agreeing in the main, 
bring out considerable differences of opinion as to details. 


lor this reason L give here a further description of the tail 


Virchow’s Archiv, Bd. 74, ISSO 
Bartels: Archiv f Anthropol., Bd. xv, p. 116, 
Caudal Appendage in Man, From the Freneh of .Etienne Rabaud 


in La Naturaliste.”’ Scientific American, vol. 50, 
Virchow's Archiv, Bd. 7, 
‘Proc. N. ¥ Pathol. Soe., 


K. N. Vinogradow: On Human Tails. Vrach, vol. xv, 1804 (Russian 


G. Rodenacker: Ueber den Saugethierschwanz mit besondere 


Berticksichtigung der caudalen Anhange des Menschen. Inauy.-Diss., 


Freiburg i. Br., 
W. Scheboldayei?: Tailed Men, Zemsk. Vrach, vol. vi, 1805 (Russian 
Inauy.-Diss., St. Petersburg, 


+L. Gerlach: Ein Fall von Schwanzbildung bei einem mensehlichen 
Embryo., Morphol. Jahrb., Bd. vi, 1880, 

C. Hennig and A. Rauber: Ein neuer Fall von geschwiinztem Men- 
schen, Virchow’s Archiv, Bd. 105, 1886, 


*Natuurkund. Tijdschr. v. Ned. Indié, Deel. lvii, 180s 
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This | am enabled to do 


(he kindness of Dr. Mall, who placed at my disposal 


region in several luman embryos. 


throug 


his fine collection of human embryos. 


wo specimens, four- 
feen and sixteen millimeters long respectively, were found to 
be especially adapted for this purpose, for it is at this stage 
that the tail reaches the highest point in its development. 
The study of these was greatly facilitated on account of their 
excellent state of preservation, and by the fact that they were 
cut into perfect series of sagittal sections. 

144. Greatest Length 14 mm.; Neck-Breech 12 mm. 

The tail of this embryo is marked off ventrally by a fold of 
epithelitm which extends cranially from the anus, forming a 
shallow pit or erease between the anal prominence and the 
tail. ‘This fold extends to the level of the cranial end of the 
thirty-third vertebra (Fig. 6), so that from this point on, f. ¢. 
distal to the third coeeygeal vertebra, the caudal end of the 
embryo projects free from the trunk. 

The vertebral column extends throughout but half the 
leneth of the tail, in which, therefore, a vertebral and non- 
vertebral portion may be distinguished. 

The terminal portion of the tail or caudal filament is bent 
dorsally and inclined to the left side, and becoming rapidly 
thinner distally, ends in a slight knob-like enlargement, 
which i 


scarcely shown in the figure. ‘The most conspicuous 


structure in the caudal filament is the medullary cord, which 
runs to the tip and there ends in a vesicular enlargement. 
The notochord and the terminal branches of the aorta and 
nferior yena cava also extend out into it though not so far 
as the medullary cord. The filament is supported by a dif- 
fuse mesenchymatous network, more concentrated in’ the 
ventral side just beneath the integument, which is perhaps 
an indication of the remains of the post-anal gut found in 
younger embryos. 

Counting from the atlas down, it is clear that there are in 
ul thirty-six vertebra present, of which the distal seven be- 
In the trunk, down 


to 


he coccygeal or caudal region. 
through the sacral region, the vertebral bodies are composed 
of embryonic cartilage, which does not stain intensely: The 
intervertebral dises, owing to the greater concentration of 
the cells composing them, stand out in sections as deeply 
staining bands. Between the vertebral bodies and the dises 
there is a zone of cells, which stains more intensely than the 
cartilage and less so than the dises. In the well advanced 
vertebrae of the lumbar region the intermediate zone is thin 
and clearly forms a part of the perichondrium of the vertebral 
cartilages. Beginning with the first cocevgeal vertebra this 
intermediate or perichondrial layer forms a thick pad, especi- 
ally on the distal surface of the dise. The vertebral body is 
here proportionately thin, showing itself merely as a lighte: 
streake between the more deeply staining perichondrium of 
each end. Tn fact the bodies of the distal coceygeal vertebrie 
can hardly be spoken of as cartilaginous. In thickness (cranio- 
caudal) the vertebral bodies diminish steadily throughout the 
sveral and cocevgeal regions, but there is very little diminu 
tion in the dorsoventral diameter watil the thirty-fourth verte- 


na is reached. The last three diminish rapidly towards the 
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tip. In the last two the dises are fully as thick as the verte- 
bral bodies themselves. The distal surface of the vertebra is 
capped by a well marked dise. There is on each side of the 
intervertebral dises in the coceygeal region a small mass of 
deeply staining tissue, which projects ventrally and laterally. 
They are visible only in sections which pass to the side of the 
inid-line. They represent undoubtedly rudimentary lypa- 
pophyses or heemal arches found in the caudal vertebrie of 
lower forms. 

The spinal ganglia, not counting the ganglion of the hypo- 
slossus, are thirty-three in number. In connection with the 
last a distinct ventral ramus arises and passes ventrally to 
the side of the vertebra, bending distally: ventral to the 
vertebre it joins a trunk from the next higher nerve. — Its 
mode of ending is uncertain. 

The number of muscle plates could not be made out clearly. 

In the interval between the thirty-first and thirty-second 
vertebree the medullary cord (med.) becomes suddenly aitenu- 
ated into a filum lerminale. There are apparently few or no 
neuroblasts beyond this point: the walls of the tube are made 
up of columnar epithelial cells. In the distal portion of the 
vertebral region and at the base of the caudal filament th: 
cord takes a somewhat sinuous course. The central canal 
extends to the tip of the tail, where it ends in the slight 
enlargment mentioned above, the terminal ventricle. 

The notochord (ch.) forms the axis of the vertebral bodies 
and dises, and in the proximal portion of the coccygeal region, 
as in the trunk, is almost straight. In the region of the last 
two or three vertebrae it is more tortuous, It leaves the 
vertebral column near the dorsal surface of the last vertebral 
hody and passes thence dorsally to the ventral side of the 
medullary cord, accompanying this nearly to the tip. In 
contrast to the vertebral portion, the terminal portion is 
scarcely differentiated and not well defined in the surround- 
ing mesenchyme. 

The continuation of the aorta (ao.), 7. e. the a. sacralis 
media, at first ventral to the vertebrae, passes out into the 
caudal filament as an «a. caudalis. From this are given ofl 
the segmental arteries, one for cach vertebra down to and 
including the last or thirty-sixth. (The last two are not 
shown in the figure.) These pass up on each side of the 
vertebral bodies, but it is doubtful if the more distal ones are 
as yet fully open. In the same way the vena cava continues 
into the tail, as the v. sacralis media and the v. caudalis, which 
lies ventral and to the right of the artery. At their termina- 
tion in the caudal filament the artery and the vein meet. The 
vein is of large calibre to the region of the thirty-second 
vertebra; here it narrows down very suddenly. There are 
numerous sinall blood-vessels throughout 
of the tail. 


Embryo hed. 


the mesenchyme 


(realest Length 16 mm.; Neck-Breech Length 
14 mm.—The relations of the tail to the trunk are about the 
same as in the vounger embryo first described, it is free 
from the thirty-third vertebra on. 


The vertebral portion of the tail is longer, but the caudal 


| 
| 
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filament is shorter and more shrunken. Tt bends sharply on 
itself to the dorsal side, almost through an angle of 180 

Thirty-seven vertebra are present, with possible indications 
of a thirty eighth: eight of these helony hevond doubt to the 
coceygeal region. The thirty-fourth and thirty-fifth are 
partly fused in the middle. ‘The hypapophyses of each are 
distinet. 

The spinal ganglia number thirty-two The relations of 
the notochord, medullary cord and hlood-vessels are the same 
There isa slight irregularity 


form of a process which extends 


as inthe embryo first deseribed. 


n the notochord it the 


ventrally into the substance of the thirty-sixth vertebra. 


GENERAL CONSIDERATIONS. 


Keker“ and Ulis* were the first to give detailed desertp- 
tions of the caudal region of the human embryo. Their con- 


clusions regarding its definition and ultimate development 


may be taken as the starting poimt in the discussion of the 
subject. The agreement reached by Ecker and [lis may be 


(1) The term “tail” may be 


rendered part as follows: 
applied only to that pertion of the embrve which projects 
free beyond the cloaca. (2) The tail consists of a portion 
containing vertebre and a portion without vertebra (caudal 


filament). The latter contains only notochord and medullary 


cord. (3) Only the non-vertebral portion atrophies. The 
vertebral port.on remais for some time as ihe cocceygeal 
prominence (Sleisshdcker), which, however, gradualiy disap- 


in the curvature of the 


pears in consequence of the rerease 
the progressive development of 


the pelvic girdle and its musculature. 


sacrum and cocevx, and ol 


Two matters which have a bearing upon the morphological 


sienificance of the persisting ceudal appendages in man are 
brought up in the above for consideration, ‘The one concerns 


the structure of the tail in the human embryo tn comparison 


with the tail in lower forms: the other is the nature and 
amount of regressive change which takes place in the human 


tail during development. 


t, Wethel discovered an additional faet 


tt varding the first, 


of importance in the presence of a post-anal gut in the human 
embryo. Braun’s™ observations on the caudal filament of 


mammatian and bird cmbrves are of importance in showing 


that the caudal lament is of general occurrence and not a 


peculiarity of the tail the occurrence ol 


spinal nerves and ganglia in a of the coceygeal 


\. Beker Archiv f Anthropol, Bd. xii, 
\. Ecker: Besitzt der mensehliche Embryo cinen Schwanz \rchiy 
f. Anat. Physiol. anat. Abtheil., 
W. His: Anatomie menschlicher 1, Leipzig, Isso. 
W. Ilis: Ueber den Schwanztheil des menschlichen Embryo, \rehiy 


f. Anat. u. Physiol, anat. Abtheil 


\. Ecker: Replik und compromissitze nebst Schiusserkarung von 


w. His. Archiv Anat. u. Physiol. anat. Abtheil., 

Fr. Keibel: Ueber den Schwanz des menschlichen Embryo. Archiv 
f. Anat. u. Physiol. anat. Abthiel, 1501. 

M. Braun Entwicklungsvorginge am Schwanzende bei cinigen 


Siugethieren mit Beriicksichtigung der Verhaltnisse beim Menschen. 


Archiv f. Anat. u. Phys. anat. Abtheil., 1582 
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ments, as shown by Fol.” Phisalix” and Keibel, the continu- 
ation of the aorta and vena cava into the caudal filam nt, 
the 


hypapophyses or rudimentary hemal arches in all of the 


tovether with the presenee of sevmental arteries and 


coceygeal segments as described in the present paper, show 
that the caudal regien of the human embryo resembles that 
of other mammalian embryos in all respects except in size and 
in the number of its segments. 


Coneerning the regressive development of the tail consid- 


erable difference of opinion has been expressed. Rosenl» 


who holds that, strictly speaking, the caudal rudiment in man 
is not the homologue of the tail of other animals, but is the 
result of a precocious growth of the medullary cord,” con- 


siders that the appendage disappears in consequence of the 


increase in volume of that end of the embryonic body and 
not through absorption. His.’ supporting Rosenberg 
makes the statement that no reduction in the number of s 

ments takes place during the development of the human 
embrve, but that the regressive changes are confined to th 
caudal filament: this view is contirmed in the agreement w 
Keker. On the other hand, Fol and Phisalix find thirty-eight 
segments in embryos of 8-10 min, with indications that sev- 


] 


eral of these disappear through fusion in the course of devel- 
opment. Allowing for the possibility that these observers 
have counted in an occipital segment, there would be in 
embrvos of this size at least thirty-seven trunk segments. 


which would correspond to thirty-six vertebrae. Neibel finds 


in an embrvo of S mim. thirty-five trunk seg@ments, toget! 


with a mass of unsegmented mesoderm, equaling two s 
ments in leneth. Reckoning this as two instead of one sé 


ment, as Keibel does, we have again thirty-seven segments, 


corresponding to thirty-six vertebrae 

The following is an attempt to tabulate the number of 
seginents found in embryos varying in length from 7.5 
21.5 mm. With the exception of the last column the dat 
are ag recorded by the observers themselves. In the lasi 
column the number of vertebrae is given which would corre- 
spond to the total number of segments after certain changes 


have been made, such as deduction of ipital 


addition of wnsegmented mesoderm, which seemed justified by 


the descriptions of the authors. 


H. Fol: Sur la queue de Vembryon humain. Comptes Rendus, 7 
100, Paris, [SS5. 

C. Phisalix: Etude d’an embryon humain de 10 millimetres, 
chives de Zool, Exp. et Gen, s., T. vi, 

(KE. Rosenberg: Ueber die Entwickelung der Wirbelsaule und dus 
centrale carpi des Menschen. Morphol. Jahrb., Bd. i, I876. dass 


die Gestaltung des hinteren Leibesendes ebenfalls von dem Medull 


rolir derart beeintlusst wird, dass letzteres, indem es in seinem Linygen- 
wachsthum dem der anderen, un der Zusatmmensetzuneg des hinteres 
Leibesendes Theilhabenden Bestandtheile vorauseilt, an demselben 
einen Vorsprung erzeugt.... 7? p. 12S. 

> Es werden demnach beim menschlichen Embryo keine iberzahligen 


zur Rtickbildung bestimmten Segmente angelegt. Anatomie met 


sehlicher Embryonen, i, 


‘ | 
i 
‘ 


THE JOHNS HOPKINS HOSPITAL BULLETIN, APRIL-MAY-JUNE, 1901. PLATE XVII. 


Re 


W WS 


Fig. 1.—Photograph showing tail in extended condition Fie, 2.—Photograph showing tail in state of contraction. 


Pie. Photograph showing the ventral surface of tail 
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PLATE XVIII 
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the tail (Fig. 4, a). M, 
V, nerve; Lis placed on 


Fig. 5.—Cross-section through the middle of 
muscle; W’, dewenerating muscle; artery; 
the left and # on the right of the appendage. 


Fie. 4.—Frontal sections of tail, showing 
the arrangement of the muscle fibres (1/) 
Place from which the cross-section repre 


at, 
sented in Fig. 5 was taken. x 3. 
Fie. 6.—Caudal region of embryo of 14 mm. (No. 144 0f Dr. Mall's 
collection), combined from several sagittal sections. anus; -to., 
eaudal aorta (A. seeralis media); Ca. caudal tilament; notochord; 
Ved., medullary cord; S. sinus uvogenitalis; 32, third coceygeal 
vertebra; 36, seventh cocceygeal vertebra; Voc. caudal portion of rena 
card inferior (V. sacralis media). O1, 
Harrison del 


ae 
| 
\ 


1901. | 


Corresponding 
ne Seements number of 

Length egments Spinal 


Observer. of embryo in mes- Vertebr. vertebrv after 

s in mm. oderm, ganglia. allowing for 

corrections, 
35 34 34 
athe 85 4 unsegmented __ 
Ke ibe mesoderm. 
Fol..... 8.0-9.0 38 36 36 
Phisalix 10.0 38 36 
5* 35 unsegmented 5} 35 6+ 
Keibel 11.5 6 
12.0 36 36 
Harrison 14.0 36 
Harrison 16 ee 32 37 37 
Rosenberg... 16.5 33 33 
Rosenberg. 19.0 3D 
Neck-lpreech measurement, 
i Counting the terminal mesoderm as equivalent to two segments. 


From this it may be seen that the number of vertebra or 
their equivalent is fairly if not quite constant in embryos 
We have, 
then, seven vertebre in the embryonic tail at its highest 
The stages studied by His and by 


hetween cight and sixteen millimeters in length. 


period of development. 
too far advanced to 


That the reduction 


Rosenberg were either too young or 
show the maximum number of vertebra. 
takes place by fusion, as is maintained by Fol, is confirmed 
In the older 


embryo (16 1mm.), in which an exceptionally large number 


by the study of the embryos described above. 


of segments was present, partial fusion between several of 
the adjacent vertebra had taken place. In still older embryos, 
as seen in the table, the number of segments is inconstant; 
most probably this is due to the varying extent to which 
fusion has taken place, though .it is possible that it may be 
due in part to a difference in the original number. As Stein- 
bach” shows, the usual number of segments is thirty-four, 
i. ¢. five coceygeal, although the number may be less or, in 
rare instances, even increased by one. 

The spinal ganglia of the caudal region, as Keibel has 
shown, also suffer reduction. ‘There are never quite so many 
ganglia developed as vertebra, and the last ones are always 
more or less rudimentary; but there are always more formed 
than persist in the adult. For instance, in an embryo of 10 
im. Phisalix described thirty-six ganglia; in an embryo of 
11.5 mim. Keibel found thirty-four; in the embryo of 14 mm. 
described above there were thirty-three, and in the embryo 
of 16 mm. thirty-two, while in the adult there are but thirty- 
one. The segmental arteries of the distal caudal segments 
also hecome obliterated as development proceeds. 

We conclude, then, with Keibel that, while as far as out- 
ward form is concerned the embryonic tail disappears largely 
as a result of the growth of the extremities and the gluteal 
region, a certain amount of regressive change takes place in 


the caudal appendage itself. This is manifest not only in the 


“RE. Steinbach; Die zahl der Caudalwirbel beim Menschen. Inaug. 


Diss., Berlin, 1889. 
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absorption of the caudal filament, as supposed by Ecker and 
Ilis, but also in the reduction of all essential structures of 
the vertebral portion of the tail, ¢. e. the vertebra, muscle 
segments, spinal ganglia and blood-vessels. It is interesting 
to note that in this tendency to reduction the resemblance 


ny 
rhe 


other 


between human and other mammatian tails also holds. 
caudal filament, as Braun has shown, is present in 
embryos and atrophies as development proceeds. The ten- 
dency to fusion of the distal vertebrae has heen observed in 


And in 


tailed varieties, as Bonnet has shown, this tendency is merely 


the embryos of various long-tailed animals. short- 
accentuated.” 

The view that a great many of the anomalous caudal appen- 
dages found in man are, as stated in the beginning, due to the 
persistence of the embryonic tail, is warranted by the facts 
gathered both from the study of the former as well as of the 
latter. 
hypothesis of Bartels that the « bryonic tail may be arrested 


Many of the differences in form are explained by the 
in any stage of its development. The soft or boneless tails 
are clearly not due to the multiplication of vertebra or even 
to the persistence of all which are developed in the embryo, 
hut, as His” first suggested, are to be regarded as persisting 
The usual position of these appendages 
The fact 


that they are not always attached exactly over the tip of the 


caudal filaments. 


as well as their structure support this conclusion. 


coccyx cannot be regarded as conflicting with this view, for, 
as has long been recognized, the curvature in the vertebral 
column, especially in the sacral and coceygeal regions, changes 
markedly during development, and the caudal filament not 
being firmly united to the tip of the coceyx might easily be 
shifted slightly in relation to the latter. 

In the action of amniotic adhesions Schaeffer” has sug- 
vested a cause which may undoubtedly bring about the per- 
sistence of the caudal Mament, for it is a fact that in many, 
perhaps in a majority of the cases there are other evidences 
of such adhesions having been present, and, as Schaeffer 
points out, the caudal region, like other projecting portions 
of the embryo, is especially liable to stick to the amnion. 
The adhesions are to be regarded, however, merely as a factor 
which may induce the persistence of an otherwise transitory 
structure and it does not fellow that such persistence is always 
On the contrary, we find in certain 
Accord 


ing to Braun, this is probably the origin of the tail-stump, 


the result of adhesions. 
animals that the caudal filament normally persists. 


composed of areolar tissue, found in Inuus pithecus, and simi 
lar apendages are also found sometimes in the Chimpansee, 


as Rosenberg has described. 


auf die 


Hinblich 
path, Anat, 


Die stummelschwinzigen Hunde im 


Zeigler’s Beitrage z 


TR. Bonnet: 
Vererbung erworbener EFigenschaften. 
Pathol., Bd. iv, 
* Anatomie menschlicher Embryonen, i, p. 5. 
* Archiv f. Anthropol., Bd. xx, 1892, p. 21%. 
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DEVELOPMENT OF THE PIG’S INTESTINE. 


By Joun Brees 


MacCanntum, 


in Anatomy, Johns Ilopleins University. 


By the work of Henke’ and of Weinberg* it was first 
hown that the various parts of the human intestine hold a 
definite relative position in the body. But it was not until 
1897, when the researches of Mall’ were published, that this 
ubject was put on a satisfactory basis Professor Mall de 
eribed in detail the development of the human intestine, the 
protruston of loons tie ol the al cord and 
their return to the general body-cavity. Tle traced the vari- 
ous loops through different stages in their development and 
showed that in the human adult these loops are massed to- 
eether into definite groups, which maintain a constant post- 
tion in the abdominal cavity. 

Merkel? in his handbook, has considered ak the literature 
| 


on the subject and has given a description of his own work, 


the results of which are in accord with those of Mall 
Dexter ® has lately described the development of the intes- 


He finds no definite arrangement of the in- 


testinal loops to be present in this animal. 


The following notes were made in the study of a consider- 


able number of pig’s embryos: 


Merinops AND MATERIAL. 


In this study there was used a series o| pig's embryos vary- 


ing in leneth from 12 mm. to 12 em. An attempt was made 


to obtain embryos with each stage, showing only the least 
possible advance on the one preceding it. In some stages 
several embryos from the same uterus were examined in order 
to determine the constancy of the loops of intestine in indi- 
viduals of the same age. ‘Types chosen from the various large 
eroups of lower animals were also studied. 

The only method used was one of direct dissection. ‘The 
embryos were hardened in formalin or alcohol, which rendered 
the intestines firm and not easily displaced. ‘The abdominal 
cavity was opened and the liver carefully lifted away and 
The Wolflian body and kidney 


were similarly removed. The umbilical cord was then laid 


dissected out under water. 


open to expose that part of the ceelom which it contained. In 
‘his wav the intestines could be well isolated without dis- 
turbine them in the least. Starting, then, with the stomach 
he various loops were followed and modeled with copper wire. 
Mhis could | nt so as to accurately represent the direction 
of each loop, and ic veneral position of ihe loops of wire 


could be constantly compared with that of the intestinal loops 


error cowd arise. On reaching the anus 


Henke; Areh. f Anat. und Phys. Anat. Abth., IS01, 5. S80. 

Weinberg; Internat. Monatsch, f Anat. und Phys., xiii Bd., 1896. 

Mall, Po; Areh. f Anat. und Entwickelung. Anat. Abth. Supple- 
mentband, 408, i807: and Anatom. Anz. Bd. 16, 8. 492, 


Merkel; Handbuch der Topographischen Anatomie, ii Bd., 1s 


Dexter, F.; Arch. f Anat. und Phys., Anat. Abth., 1S00 


the whole intestine was eone over again starting with the 


rectum and ending in the stomach. In this wav anv 
could be well controlled The whole mode] was then aM. 
pared again with the cmbryo to see that the surface coils 
ls 

] 


the various groups of coils were painted in different colors, 


corresponded, To aid in draw ine and studving these mode 


The same method was emploved in the study of the lower 
animals, In the simpler types, however, the wire models 
were Tnnecessary, In the earliest embryos also the arrange- 


ment could be made out perfectly well without modeling. 


DESCRIPTION OF DISSECTIONS. 


Until the embryonic pig has reached a length of about 
10 min. there is in every case some part of the intestine in 
he umbilical cord. The portion nearest the stomach de- 
velops entirely outside the cord; while what corresponds with 
the lower end of the ileum, together with the caecum anda 
short stretch of the large intestine, remain in the cord until 
e mentioned above. The part in the neighborhood 
of the c@eum is the last to leave the cord. All the loops 
which develop within the cord belong to the part of the 


ntestine corresponding in position with the lower end of the 


ileum. This develops more slowly than the intra-abdominal 
portion of the gut. 

In the following descriptions the terms “ right ” and “ left” 
refer to the pig’s body and not to the figures themselves. 
* Anterior” and * posterior” refer to the head and tail ends 
respectively; while the terms “dorsal” and “ ventral” are 
used in their ordinary sense. The figures are all drawn from 
the right side of the embryo’s body unless otherwise indicated. 

Figure 1 represents an early stage in the development of 
the pig’s embryo, in which the intestine consists of a single 
loop extending out into the umbilical cord. The embryo 
itself is 12 mm. long and the loop in the cord is slightly less 
than 3 mm. in length. ‘This loop is somewhat curved with 
the concave surface towards the head. As represented in 
ig. 1 the intestine is sharply bent on itself in the cord, and 
on its return to the main body-cavity it turns at an acute 
ingle to form the rectum. I can discover no trace of a 
caecum at this stage other than a slight enlargement of the 
tube just after it bends in the cord. The arm of the loop 
which extends from the stomach into the cord is destined to 
vive rise to the small intestine: while the arm returning from 
the cord to the rectum is, roughly speaking, the forerunner ol 
the large intestine. Several embryos of this size were exam- 
ined, and the condition deseribed above found to be constant. 


In Fig. 2 there is shown the dissection of a pig’s embryo, 


th 


iS mm. in leneth. The loop of intestine extending into 


cord is much like that represented in Fig. 1. A  distinet 


cecum, however, ean be made out in the rectal arm of the 


\ 
a 
| 
¥ 
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loop, a short distance from where the intestine bends on itself, 
This cecum is a short blind sac having an appearance very 
much like that shown in the figure. It will be noticed that 
» considerable part of the body-cavity is, in this stage, in the 


umbilical cord. Fully half the length of the intestine is 


contained in this extra-abdominal coelom. Just inside the 
main body-cavity a loop is beginning to be formed in the 


Its bends are marked 1, 2 and 3.) From the 


small intestine. 


stomach it extends dorsally and to the right. Turning 
sharply runs ventrally and to the left, and before entering 


the cord it proceeds again posteriorly, On comparing Figs. 
1 and 2, there is seen a greater change in this part of the 
intestine near the stomach than in the part contained in the 
cord. ‘The large intestine beginning at the cecum turns and 
passes into the reetum as before. Several embryos of this 
size showed an identical structure. 

Fig. 3 represents a pig 21. mm. long. The portion of the 
intestine in the cord is still unchanged, while that in the 
hody-cavity proper shows a further development of the same 
loops seen in Fig. 2. In comparing the numbers on the two 
figures there is no difficulty in recognizing the corresponding 
parts. The caecum holds the same relative position as in 
Kiy. 2. After entering the cord at the loop 3 in Fig. 3 the 
intestine bends in a curve with the concave side towards the 
head. It then turns abruptly backward and to the left, and 
returns to the main body-cavity by almost the same path, 
This is represented plainly in Fig 3, and it will be noticed in 
the succeeding stages that this particular arrangement of the 
intestine as it turns is quite characteristic. 

Fig. 4 


development. 


shows a somewhat more advanced stage in the 


It is drawn from the dissection of a pig 23 mm. 
The general position of the intestine is very similar to 


that just described. 


long. 
The loops, however, have increased in 
number; and instead of one entire loop, as represented in 
Vig. 3, there are three, indicated by the letters a, b and ¢ in 
Fig 4, Bo In Fig. 3 into the small 
intestine, which bends rather abruptly, and forms one com- 
In Fig. 4 the same 


the stomach narrows 
plete loop overlying the large intestine. 
thing occurs, but following this first loop are two others, 
As shown in the figures there is a tendency for the loops to 
The 


large intestine is on the left side of the small intestine and 


grow around the large intestine from the right side. 
somewhat anterior, "The part of the small intestine contained 
in the cord is less changed, and its growth is apparently some- 
what slower. There is, however, to be seen the beginning of 
anew coil marked w in Fig. 4, 2B. This is an incompletely- 
formed loop and shows well the way in which the loops 
develop. It is simply a bending, as though the intestine had 
grown too long for the space it was obliged to occupy. Before 
reaching the cecum the small intestine turns on itself in the 
characteristic way described in Fig. 3. The large intestine 
Is unchanged. 

In Fig. 
the small intestine. and those marked a, b and ¢ correspond 
fairly well, 


5 the same loops are seen in the first part of 


In the cord, however, there are here too loops 


instead of the one shown in Fig. 4. These occur in the small 
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intestine opposite the caecum and have relatively the same 
They 


The remainder of the intestine 


position as the bending of the tube marked w in ig. 4. 
are lettered # and yin Fig. 5. 
is the same as in Fig. 4. The length of this pig was 25 mm. 

Fig. 6 represents the intestine of a pig of approximately 
the same length as that shown in Fig. 5.) The small intes- 
tine in the main body-cavity, however, is slightly more ad- 
vanced in development. The various loops can be readily 
recognized and much more casily so on the wire model than 
on the drawing. A very slight change in the general posi- 
tion of a loop causes a most decided difference ina flat draw- 
ing. The main difference, for example, between Figs. 5 and 
6, is the dislocation of the loop 2 towards the stomach. By 
comparing the lettering in the two figures this can be easily 
understood. The part of the intestine in the cord is prac- 
tically the same in the two figures. 

Thus far the large intestine is a simple tube bending 
sharply near the stomach to form the rectum. It will be 
noticed that the small intestine has grown much more rapidly 
than the large intestine; and also that the part of the small 
intestine near the stomach has increased in length more rap- 
idly than the part in the cord, Several pigs, the same size 
as these last two described, were examined, and their intes- 
tines found to be similar in every way. Embryos taken from 
the same uterus did not seem to resemble one another in this 
respect more closely than pigs of the same length from dif- 
ferent uteri. 

Fig. 7 represents a dissection of a pig's embryo 28 mun. 
in length, and Fig. 8 is a drawing of the wire model made 
from this intestine. The stomach, it will be seen, occupies 
the same position and narrows into the small intestine in the 
same way as before ‘The small intestine here forms a dis- 
tinct mass of loops in the main body-cavity, and then extends 
out into the cord in a manner identical with that shown in 
earlier embryos. The loops form a cone-shaped mass with 
the base of the cone towards the stomach and its apex in the 
umbilical cord. This is due to the more rapid growth of that 
part of the small intestine near the stomach. 


ment will be noticed in all the older embryos as well until 


Hs arrange 


after all the coils have returned to the main body-cavity. It 
is a little unsatisfactory to attempt to follow the individual 
coils of the intestine, and to trace them from one embryo to 
another after their arrangement has reached a complexity as 
great as that shown in Fig. 8 and the figures following. 
But if the two models represented in Figs 6 and 8 be 

certain 
The identity of the two 


compared, there will be seen a correspondence 
which can hardly be overlooked. 
loops in the cord marked « and y is recognized at firs 
glance. In this part of the intestine there seems to have 
heen very little if any change. 
however, are distinctly more complicated in Fig. 8 than in 


The coils near the stomach, 


6 marked e ‘is accentuated 


Fig. 6. The slight bend in Fig. 
The letters a and z mark 


into the loop marked ¢ in Fig. 8. 
corresponding parts in the two figures; and the loop 6 can he 
readily derived in Fig. 8 from the } in Fig. 6. Following 
this, however, there are in Fig. 8 three distinct loops, e, d and 


| 
| 
| | 
| 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
| 
| 
| 
| 


104 JOHNS HOPKINS HOSPITAL BULLETIN. 


f, without counting « and y; while in Fig. 6 there is only one 
without considering «and y. At d in Fig. 6 there is the he- 
vinning of a new loop, as yet only a slight bending in the 
tube, and ¢ corresponds with one of the three loops spoken of 
in Fig. 8. There is then in Fig. 6 only one entirely new loop 
not indicated in Fig. 6. 

The cecum maintains the same position in’ Fig. as in 
hig. 6. The bend in the large intestine, however, where it 
passes into the rectum, shows quite a distinct alteration. 
lt no longer forms a simple acute angle with the rectum, 
but is bent in two directions as shown in Fig. 8. This is the 
beginning of the formation of a very distinet group of con- 
volutions which is perfeetly constant and will be described 
helow, 

The general tendeney in the formation of new loops in 
the small intestine is for the tube to become slightly bent on 
itself and to grow around an axis which is represented by the 
The characteristic shape of the loops is 


large intestine. 


shown in Fig. 8, and The loops do not meet above (on 
the surface towards the head of the embryo); for the large 
intestine is situated hetween the bends of the loops in such 
a way that it could be lifted away from the small intestine 
by drawing it towards the head, but not by drawing it towards 
the tail of the embryo. The arrangement becomes less reg- 
ular the nearer it is to the stomach, for the growth in this 
region is more rapid and the pressure exerted on the coils 
ereater than in other parts. 

Fig. represents the dissection aud Fig. the model 
The general position 
By following 


of the intestines of a pig 30 mm, long. 
of the various parts is much like that in Fig. 8. 
the letters on Figs. 8 and 10 the corresponding loops can be 
made out. There are yet no groups of coils toe be distin- 
vuished. The small intestine can be roughly compared with 
a hollow cone whose axis is represented by the large intestine. 
The loops 2 and y have become more fully developed and 
erow around the large intestine in the characteristic fashion. 
The loops in the figures are lettered only on the right side, 
since they are in a certain sense duplicated on the left side 
of the large intestine. A loop, however, is a feld which begins 
and ends somewhere in the same neighborhood; and it might 
be possible to take the median line as the starting point, and 
make loops on either side; but it is much simpler to treat as 
complete loops only these folds which start on one side and 
return to that side. 

The large intestine in Fig. 10 holds a straight course from 


the cecum until it reaches the stomach. It then makes a 
complete bend on itself and enters the rectum as shown in 
Fig. 10, 9. 

Hig. 11 is the dissection of a pig 32 mm. long, and Fig. 12 


is a drawing of the model made from its intestinal canal. 
A certain general resemblance in outline is seen between 
Figs. 10 and 12. The intestine is a cone-shaped mass in 
each with the apex extending a short distance into the cord 
The 
arrangement of the small intestine in relation to the large 
The loops 


and the large intestine forming an axis for the cone. 


intestine is the same as that spoken of before. 
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are bent around the axis of the large intestine, especially near 
the apex of the cone, 7. ¢. near the cord. At the stomach end 
the gut has become so twisted that the individual loops can- 
with any satisfaction. Certain landmarks, 


not be traced 


however, can he recognized. For example, the loops x, y, f 
and d correspond fairly well in the two stages, and it is not 
difficult to conceive of the transformation of the loop ¢ in 
Fig. 10 to the same loop in Fig. 12. This transformation 
takes place by a flattening of the loop which will be spoken 
the 


of later. It gives rise to a figure which is often seen it 
intestines of pig’s embryos. 

Although the loops can no longer be individually followed 
with ease, there begins at this stage to arise a grouping of 
the coils. In Fig. 12 four fairly distinct groups can be made 
out. Starting with the stomach end the intestine forms a 
mass of loops which are situated mainly on the left side of 
the body. In no place does a whole coil of this group reach 
the surface of the intestinal cone on the right side. This 
will be called group A. After bending in five or six loops, 
as represented in the more lightly shaded part of Fig. 12 near 
the stomach, the gut reaches the right side and forms a group 
of more or less flattened coils, which form all the surface 
coils of the right side up to nearly the beginning of the cord, 
This group is shaded darkly in Fig. 12 and ends after the loop 
marked d. It includes the coil ¢ described above and will be 
designated group (. The intestine leaves this region at the 
termination of loop d, and forms three complete loops of the 
These are unshaded in 


They form the group D). 


ivpe described in earlier embryos. 
Mig. 12 and include f, 2 and y. 
These coils are associated more closely than the rest of the 
intestine with the cceelom of the cord. At the end of this 
group the small intestine takes a straight path for a short 
distance and turns on itself in the way seen in all the embryos 
so far pictured, and enters the large intestine at the cecum. 
The large intestine .is straight as before until it reaches the 
region where it turns to form the rectum. ITlere it is thrown 
into irregular twists, as shown in Fig. 12, 2. The convolu- 
tions formed in this region will be spoken of as the rectal 
group or group #, and will be followed through the various 
embryos. At this stage it is directly anterior (towards the 
head) and lies partly between the groups A and (. 

Fig. 13 represents the model of the intestine of an embryo 
The general outline of the mass of coils 
This is accentuated by the in- 


10 mm. in length. 
is, as before, cone-shaped. 
creasing complexity of the rectal group, and by the rapidity 
of growth of the first part of the small intestine. The same 
groups described above can be recognized at this stage. ‘The 
group A has increased considerably in length in Fig. 13 and 
can be divided into two groups which are marked A and P 
in Fig. 13, IJ. 
From B the gut passes over to the right side of the body and 


These become more distinct in later stages. 


forms the group C which is situated entirely on the right side, 
and makes up most of the surface coils there. This is shaded 
in Fig. 183, 7. On approaching the cord there are found the 
three complete loops described in Fig. 12, as making up 


group D. These are almost identical in the two stages, anu 


| 
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extend into the ce@lomic cavity of the cord, which has become 


gradually more shallow. The rectal group is more complex 


than in the preceding stages and forms a conspicuous mass 
of coils whose calibre is noticeably smaller than in the rest of 
the intestine. Its position also has altered. Instead of lying 
hetween groups .t and (, it is to the right of C, having rotated 
on an axis corresponding approximately with that of the cord. 
11 and 15 represent the dissection and model respec- 


At 
The 


igs. 
tively of the intestine of an embryo 18 mm. in length. 
this stage all the coils are within the main body-cavity. 


Fic. 18.—A series of diagrams to indicate the 


represent the intestines of embryos, 12, 21, 25, 52, 40, 48 and 85 mm. in length respectively. 
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formation of 


lettered in correspondence with the preceding figures. 


rotated, their course being marked by curved arrows. 


groups described above can be readily recognized, but a con- 
The 


group A 


siderable change in their position has taken place. 


surface coils near the stomach are derived from 


instead of group (, as in the stage represented in Fig. 13, 
(rroup .1 is on the right side of the hody, and group /# on 
the left. Group © has moved in a ventral direction and some- 
What to the left, until it lies transversely between group D 
and groups A and B. Group DP enters the main body-cavity 
and the regularity of its coils is lost. Instead of being com- 
plete and regular, as in Fig. 13, the loops are distorted and 
flattened hy their association with the other abdominal vis- 
cera. The more or less pointed extremity of this group is 


still directed towards the cord, as shown in Fig. 14. The 


large intestine begins on the right side of group J), a shor 


distance from its apex. 


in position with that in Fig. 13. 


105 


The cecum corresponds fairly well 
On leaving the cecum, 


however, the large intestine passes obliquely down on the 


right surface of group C, and is coiled to form the rectal 


zroup, posterior to groups and B. 


Fig. 14 does not justly 


represent the regularity of the loops making up group C@. 


They form a series lying transversely from right to left, ane 


can be easily separated in a mass from group ) on the one 


hand, and groups and / on the other. 


groups of coils in the intestine. These 


The groups are 


V/i2 shows the direction in which the groups have 


Fig. 16 represents the surface coils of the intestine of a 
pigs embryo 85 mm. long. Fig. 16, / the 
animal's right side; Fig. 16, // from its Ventral surface; and 
16, /// from its left side. 
are lettered in correspondence with those pictured in Fig. 17, 
The 


surface coils on the right side are formed by groups A and /). 


is drawn from 


Fig. The various groups of coils 


which is drawn from a wire model of this intestine. 


On the ventral surface groups B and ( are present; while 
the left side is occupied by parts of B and DP and the whole 
In this stage the same five main groups, that 
It will be noticed, 


of group £. 
have been described, can be made out. 
however, that their relative position is somewhat different. 
Group D has rotated posteriorly, dorsally and to the right, so 
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that it takes up a position to the right of, and posterior to, 
vroup thus moves past group Cand carries the caecum 
with it, so that the beginning of the large intestine lies dor- 
sally, and posterior to group ). The group F is pushed still 
farther in the same direction until it is finally situated in the 
left dorsal region of the mass of intestines. This group in 
the beginning lies on the left anteroventral surface. As it 
hecomes more coniplex it moves around to the right until it 
reaches the left dorsal position. It therefore rotates through 
three-quarters of a circle. ‘The axis of this rotation is a line 
drawn from the beginning of the duodenum to a point some- 
what posterior to the umbilical cord. 

lig. 18 consists of a number of diagrams of the different 
stages, showing this rotation of the groups. The straight 
dotted line in each diagram represents the junction of the 
main body-cavity and the calom of the cord. Diagram VI 
corresponds with Fig. 15, and VIT with Pig. 17. The younger 
stages can be easily recognized. Diagram VIEL shows the 
direction in which the groups rotate. The letters in all the 
diagrams correspond with those used in the deseription of 
the groups: and in VILL these letters, associated with) the 
curved arrows, indicate the direction in which those groups 
have moved from their original positions. 

\n appearance which is characteristic of the older enibryos 
is shown in Fig. 16,7, and Cy; and in Fig. 16, The 
regular loops, which have been described, become flattened 
by pressure against the abdominal walls, giving rise to the 
peculiar coiled appearance represented, 

The intestines of several embryos older than those repre- 
sented in Figs. 16 and 17 were studied. The groups were 
found to correspond with those already deseribed: and an 
account of these later embryos would not add any essentials 
to the above description. It is possible in these to tell with 
considerable accuracy to what group any one surface loop 
belongs, 

It will be noticed that in the older staves, which have been 
deseribed, the large intestine grows more rapidly than it does 
in eartier embryos. In those represented by the first eight 
figures there is practically no change in the large intestine. 
After this, however, there gradually appears a considerable 
Inass of coils to form the rectal group. The part of the small 
intestine which is at first present in the cord grows more 
rapidly after its return to the general body-cavity. For this 
reason as well as on account of the pressure exerted by the 
other viscera, the cone-shaped mass of intestines becomes more 
or less spherical after it is entirely intra-abdominal. The 
growth, which in earlier stages was almost solely in’ the 
region of group A, is in the older embryos more uniform 
throughout the gut. The younger the embryo, the more 
noticeable is this rapid growth in the region of group A, 
This fact was observed by Dr. Mall and indicated in his paper 
by means of tables of measurements. In connection with 
this it is of interest to note an observation made by Berry, 


who found that the villi appear first in the upper part of the 


* Berry, J. M \natomischer Anzeiger, xvii Bd., 8. 242, 1900, 
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intestine. Whether or not the number of villi increases more 
rapidly in this region than lower down, has not been deter- 
mined. 

In reviewing a considerable number of embrves in’ this 
way and modeling their intestines by a method in which errors 
can be easily controlled, one cannot help being struck by th 
remarkable constaney of the appearances met with. At first 
glance it is more noticeable in the earlier embryos. This 
fact is due to the greater simplicity of the loops and to the 
smaller chance for distortion of the coils by pressure. Tt will 
he noticed that there is practically no variation in the portion 
of the intestine contained within the cord. In that part of 
the hody-cavity there are no other viscera to interfere Iyy 
pressure with the growth. [Tf it were possible to isolate an 
organ during its development, its form would undoubtedly 
he different from what it is when it develops a contact with 
many other growing organs. ‘The portion of the intestine 
which develops in the cord is to a certain extent isolated. The 
rapidly-growing Viscera, such as the liver and urinary organs, 
can in ne way interfere with its growth: and it is seen from 
the above descriptions that it is this part of the intestine in 
particular, which is entirely constant in its appearance. — ILere 
the intestine increases in length by the formation of regular 
loops which grow up and surround the large intestine, as 
already stated. At first sight it would appear that this man- 
ner of growth might be caused by the confinement of the 
intestine in the evlindrical cavity of the cord: but the same 
method of formation of loops takes place in the general body- 
cavity before any loops whatever appear in the intestine of 
the cord. Since it thus takes place in two parts of the intes- 
tine under different conditions, it is fair te assume that this 
is the natural tendency in the growth of loops in the intes- 
tine of the pig. 

Dr. Mall, in the publication already referred to, las dis- 
cussed the entry of the intestinal loops into the caelom of the 
cord, and their return te the general body-cavity. Te in- 
clines to the belief that the gut is forced inte the cord by the 
pressure exerted on it by the other rapidly-growing visecra: 
and that it returns to the main body-cavity on account of a 
iwisting of the loops already contained in the abdomen, Thi 
dissections of the pig's embryos, which have been deseribed, 
throw no new light on this subject. The ceelom of the cord 
in early pig’s embryos is of considerable size and the intestine 
isat first only a single loop. Hence it is not hard to imagine 
its being pushed into this easily available space in the cord. 
Here it remains until the secondary loops are formed, which 
make up group 2. This group is more or less cone-shaped 
and fits into the cavity of the cord which has a similar form. 
The passing of this group to the main body-cavity does tot 
take place one loop ata time. The group returns apparently 
by a gradual obliteration of the cone-shaped cavity of the 
cord from its apex to its hase. 

It can hardly be said that the coils enter the abdominal 
cavity from the cord in any regular order. The order of their 
entry is dependent on their position in the mass of coils which 


projects into the cord. The apex of this mass is formed by 
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the lower end of the ileum where it turns on itself to join 
the large intestine. The apex leaves the cord last, and hence 
the lower end of the ileum is the last part to enter the abdomi- 
nal cavity. In the same way the cecum enters a short dis- 
tance in front of this part of the ileum, simply because it is 
so situated in the group of coils. 

with the development of the mammalian 
to call attention very briefly to the intes- 
In Amphioxus the 


In col nection 
Intestine, | wish 


tines of the various lower vertebrates. 
alimentary canal consists of a simple straight tube with no 
convolutions whatever (Pig. 19,1). In the shark the intes- 
tine is straight, but the stomach is bent on itself so as to 


B). In 


the perch, as in most ‘Teleosteans, there is one distinet loop in 


form a descending, and an ascending part (Fig. 19, 


A B c D 


Fic. 19.—Diagrams representing the intestines of A, Amphioxus; B, 
Shark; (, Perch; D, Frog; Turtle; Sparrow. 
the intestine, as shown in Fig. 19, C. There are two methods 
in these animals by which the digestive surface is increased in 
extent, namely, by the so-called spiral valve and by the 
The spiral valve consists of a longitudinal fold 
It is present in 


pyloric coca. 
extending into the cavity of the intestine. 
all Elasmobranehs, Dipnoi and Ganoidei, but not usually in 
the Teleostei, The pyloric cavca may be very numerous and 


The 


spiral valve and the pyloric caca are seldom both highly 


form a large mass of processes just below the stomach. 


developed in the same animal. 

In the Amphibia the intestine is, as a rule, much more 
As shown in Fig. 19, D, the 
In a number of frogs 


complex than in the fishes. 
iroxs intestine is considerably coiled. 
and toads which were dissected, the intestines were found to 


be arranged according to a general type which is represented 
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in Fig. 19, D. In some cases, however, the coils assumed a 
much more complicated mass than that shown in the figure. 
It is interesting to note here that in some stages of the tad- 
pole’s life the intestine is a much more complex organ than 
in the adult frog. The intestine of Necturus shows a coiling 
which is usually not so great as in the frog. 

In the Reptilia the form of the alimentary canal is consider- 
In Fig. 19, #, is 


Chis is an 


ably modified hy the shape of the hoy, 
represented the stomach and intestine of a turtle. 
arrangement which was found to be very constant. In snakes 
the coils are not so numerous and are somewhat obliterated 
In lizards the intestine is 
Thus it is 


seen that in reptiles, and amphibians there is a much more 


by the harrowhess of the holy. 
coiled more than in either the turtle or the snake. 


complex arrangement of the coils of intestines than in fishes. 

In birds there is a still greater complexity in the form of 
the intestine. Birds of the same species show very little 
variation in the arrangement of the coils. 
sparrows, robins and blackbirds the arrangement was found 
There 
was very little divergence from this type in any of the speci- 
the chicken, however, there is a far 
there 


In a number of 
to be according to a type represented in Fig. 19, F. 


mens examined. In 


ereater coiling. In several chickens examined was 
found a noticeable constancy in the arrangement of the loops. 
A long duodenal fold extends from the gizzard backward and 
to the left side of the body. 
the right side of the body, where the small intestine is thrown 


two 


Turning on itself it passes to 


into a number of coils which resolve themselves into 


main groups. From the rectum two long ceca extend for- 
ward. 

in the study of these few lower vertebrates two main points 
are to be observed: (1) the constancy in the arrangement of 
the loops in nearly related animals; and (2) the gradual in- 
crease in complexity of the coils as we pass from the lowest 
vertebrates to those higher up in the scale. It is interesting 
to note also a certain relation which seems to exist between 
the ontogeny of the intestinal canal in mammals, and its 
phylogeny. Beginning with a straight tube in the early 
mammalian embryo the intestine is thrown into a gradually 
increasing number of loops. Beginning in the same way with 
Amphioxus we may pass from the fishes, which possess but a 
single loop, to the amphibians, whose intestine is much more 
complex; and from these to the birds and mammals, where 


the alimentary canal is a very much coiled organ. 


RECAPITULATION, 

The intestine of a pig’s embryo at an early stage consists 
of an uncoiled tube which sends a single loop out into the 
The first half of the loop is on the right 
From the other 


coelom of the cord, 
side and gives rise to the small intestine. 
half is formed the large intestine. The gut increases in 
length by the formation of regular loops which grow around 
an axis corresponding with that of the cord and the large 
intestine. These loops form first in the part which is to 
become the small intestine. They also develop in that part 
of the small intestine near the stomach before they appear in 
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the cord. Up to a certain stage the further growth in com- 
plexity is greatest near the stomach. After the smail intes- 
tine has beceme considerably coiled, a mass of loops is formed 
in the large intestine. In embryos between 35 mm, and 40 
mm. in length the group of coils which has formed in the 
celom of the cord, enters the general body-cavity by a mech- 
anism which is not clearly understood. In embryos of the 
same size the coils are constant in arrangement and definite 
in their position. They can be followed through various 
stages of the early development. In older embryos, when 
the individual coils cannot be recognized with ease, they are 
found to be arranged in distinct groups which have definite 
situations in the bedy-eavity. The loops ina certain region 
of the body-cavity, though they may vary in form, always 
belong to the same group. These groups arrive at their final 
situation by a rotation which takes place posteriorly and to 
the right around an ayis, running from the beginning of the 
duodenum toa point a short distance posterior to the opening 
of the cord. It is not at all claimed that the surface coils 
hold always the same position with regard to one another, or 
that the coils always have the same relation to one another 
in the group; but it is to be emphasized that the groups always 
do hold the same relative position in the body. 

In lower vertebrates the intestine increases in complexity 
as we ascend the scale. The intestinal coils are very similar 
in nearly related animals; and a certain amount of constancy 
is noticed in their arrangement. 

[ regret that I have had no opportunity of confirming 
Dexter's work on the cat's intestine, in which he finds no 
Constancy in the position of the loops. Ilowever, from the 
researches, already referred to, of Tlenke, Weinberg, Mall and 
Merkel, as well as from the present study of pig's embryos 
and the intestines of lower vertebrates, it seems plain that 
the intestinal canal is an organ which is situated in the body 
in a definite position, and that its different parts hold a con- 
stant relation to one another. 


BILATERAL RELATIONS OF 
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DESCRIPTION OF PLATES XIX-XX. 

Fig. 1.—Pig’s embryo 12 mm, long, showing a single loop of intestin 
extending into the umbilical cord. 

Fig, 2.—Pig’s embryo 18 mm, long, showing a loop of intestine in 
the cord with a distinct cecum. The small intestine shows the bevin- 
ing of coils inside the main body-cavity. The dotted line indicates the 
original outlines of the body before the removal of the liver. 


Fig, 5.—Pig'’s embryo 21 mm, long, showing a slightly more convoluted 


small intestine. The numbers 1, 2 and 5 correspond with those on 


Fie. 4.—A. Dissection of pig’s embryo 25 mim. in length. 
B. Wire model of the intestine of this embryo. 
Fig. 5 Wire model of intestine of pig’s embryo 25mm. long. The 
lettering corresponds with that in Fig. 4, 2. 
Fig. 6.—Wire model of intestine of pig’s embryo 25 mm. long. 


Fig. 7.—Dissection of pig’s embryo 28 mm. long. 


Fig, 8. —Wire model of intestine of the embryo represented in Fig. 

Fic. %.—Dissection of a pig’s embryo 30 mm. long. 

Fie, 10.—Wire model of intestine of embryo represented in Fig. 9. 

Fig. 11.—Dissection of a pig’s embryo 532 mm. long. @, superticial 
group of coils on right side of body. The small letters correspond with 
those used above. 

Fie, 12.—Wire model made from the intestines of the embryo repre- 
sented in Fig. 11. 1, (, D and #’, indicate the formation of groups of 
coils. The group ( is shaded. 

Fie. 13.—Wire model of intestine of an embryo 40 mm. in length. 
The groups are lettered as in Fig. 12. 

Fig. 14.—Dissection of a pig’s embryo 48 mm, long. The letters as 
before indicate the groups of coils. 

Fie, 15.—Wire model of intestines of embryo represented in Fig. 14. 
Groups are indicated by shading. 

Fie. 16.—Dissection of a pig’s embryo 85 mim. long. / shows the 
intestines from the right side; // from the ventral surface; and //] 
from the left side. The lettering corresponds with that in the previous 
figures, 


Fig, 17. —Wire model of intestine of embryo represented in Fig. 16. 


Nore :—No attempt has been made to retain the relative size of the 
embryos in these figures. The actual measurements are given in each 


cause, 


THE CEREBRAL CORTEX. 


By Linpon MeEtuus, M. D. 


(From the Anatomical Luboratory, Johus Hopkins Unive rsity.) 


In the study of the central nervous system it becomes 
more and more apparent that the statement that each cerebral 
hemisphere controls the opposite half of the body must be 
still further modified. It has long been recognized that cer- 
tain movements were more or less bilateral; that is, equally 
controlled by each hemisphere. This is easily demonstrated 
by electrical stimulation of the cortex and, to a certain extent, 
the anatomical relations have been worked out. The bilateral] 
representation of most facial movements would appear af 
first thought to be quite essential and anatomists held, long 
before it was demonstrated, that each of the motor nuclei 
in the pons and medulla was connected with its fellow of the 
opposite side by decussating fibres. Bilateral movement 


could thus be accounted for by simultaneous stimulation of 
the nuclei of both sides, but the results of some of the more 
recent investigations show that projection fibres run directly 
from the cortex of each hemisphere to the nuclei of both 
sides. This provides for simultaneous stimulation, while the 
fibres passing directly from one nucleus to the other may 
conserve the symmetrical discharge of energy. 

The necessity for bilateral control of the limbs is not so 
evident, but the fibres of the so-called direct or uncrossed 
pyramidal tract in man and the finding of bilateral degener- 
ation in the cord after unilateral lesion of the brain seemed 
to make it probable. For some time it was not possible to 
trace the course of this homolateral degeneration from the 
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brain to the cord, and various theories were brought forward 
to explain it. It was considered probable by some anato- 
mists that the pyramidal tract divided at the decussation, 
some fibres passing to the lateral column of each side, while 
a portion remained in the anterior column as the direct 
tract; but in the absence of confirmation Sherrington’s theory 
of “recrossed ” fibres was generally accepted. Sherrington’s 
conclusions were based upon experimental unilateral lesions 
on the brain of the monkey, in which he claimed that im- 
mediately below the decussation the degeneration was all on 
the opposite side of the cord, while at a still lower level 
degenerated fibres were found in both lateral columns. He 
thereupon assumed that all the degeneration crossed over in 
the decussation to the opposite side of the cord, but a portion 
crossed back at a lower level to the lateral column of the 
same side. The probable explanation of his mistake is that 
at the time of his observations the delicate methods in use 
in recent years were not known. Still the fact that he 
reported at the same time that fibres from the upper limb 
area of the cortex passed down the entire length of the cord, 
while fibres from the leg areas disappeared from the cord 
in the cervical and upper dorsal regions, would indicate that 
his preparations were handled or studied somewhat carelessly. 
It is rather curious that no one seems to have suggested that 
he had mixed up those cords. 

Soon after the publication of Marchi’s method of staining 
degenerated nervous tissue by osmic acid, Muratow undertook 
the study, by that method, of degenerations following lesions 
of the brain m the dog. He published the results of his 
observations in 1893" and clearly showed that in the dog the 
pyramidal tract divided at the decussation and a_ portion 
passed directly to the lateral column of the same side. I had 
heen working with the same method tracing degenerations in 
the central nervous system of the monkey after very minute 
lesions of the cerebral cortex, and at the time of the appear- 
ance of Muratow’s publication I had already accomplished 
the same results on the monkey, but to him undoubtedly 
belongs the credit of priority. These results have since been 
confirmed by other investigators, and Dejerine and Thomas’ 
and Risien Russell* have proved the existence of the same 
conditions in man. 

At the same time I was able to demonstrate the passage of 
fibres from the pyramid of one side directly to the motor 
nuclei of both sides in the pons and medulla.‘ 

The following experiment enlarges still further the scope 
of bilateral representation and adds another to those paths 
already demonstrated by which one hemisphere may control 
more or less both halves of the body. It by no means stands 
alone, but is presented as the type of a considerable group 
which will be considered individually in a later publication. 

On September 20, 1898, I operated in Mr. Victor Hors 


‘Archiv fiir Anatomie und Entwickelungsgeschichte. 1893. 

* Dejerine and Thomas. Archives. de physiol. norm. et patholog. 1896, 
No. 2. Review in Neurologisches Centralblatt, 1897, p. 503. 

'Risien Russell. Brain. Summer, 1898. 

* Proe. Roy. Soe. vol. 58. 
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ley’s laboratory at University College, London, on a small 
but apparently healthy bonnet monkey (Macacus_ sinicus). 
The animal being etherized, the cortex of the left hemisphere 
was exposed under strict aseptic precautions, the centre for 
thumb movements determined by electrical stimulation and 
that portion of the cortex carefully excised. Care was taken 
not so much to remove every portion of cortical substance as 
to avoid injury to the underlying white matter. I therefore 
passed the knife under the cortex with the flat surface of the 
knife parallel to the convexity of the hemisphere, bringing 
it out at a right angle to the line of incision, ‘Then lifting 
the cut edge with a pair of small forceps the excision was 
easily completed, The slight 
with hot saline solution, the wound closed with horsehair 


hemorrhage was controlled 


sutures and dressed with borated cotton smeared with collo- 
dion. This monkey got diarrhaa and died on the tenth 
day after the operation (September 30) of marasmus, The 
wound in the scalp had healed well and there was no trace of 
The brain and cord were removed, kept for four 
The brain 


sepsis. 
days in formalin and then transferred to Miiller. 
was cut into thin segments in a plane nearly parallel to the 
occipital sulcus (Affenspalte), as shown in Figs. 1 and 2, and 
stained by the Marchi method. It was my endeavor to make 
the plane of section correspond as nearly as possible to the 
course of the projection fibres through the internal capsule. 


DESCRIPTION OF THE LESION. 


The portion of cortex removed was circular and about one 
em. in diameter. About one-third of the area of the lesion 
was in the ascending parietal convolution and the other two- 
thirds in the ascending frontal. Its posterior extremity was 
about midway between the lowest portion of the interparietal 
suleus and the fissure of Rolando, while its anterior boundary 
was the superior angle of the sulcus precentralis. The lowest 
portion of the lesion was very nearly opposite the lower 
extremity of the interparictal sulcus, and it extended upward 
to the superior frontal sulcus.* The lesion in the ascending 
frontal was much more shallow than in the ascending parietal 
and the entire cortical substance was removed only at that 
portion of the ascending parietal convolution nearest the 
centre of the lesion, close to the fissure of Rolando. It was 
at this point that uncomplicated flexion of the thumb was 
obtained on stimulation with a weak faradic current. The 
portion of cortex removed became thinner from the centre 
to the periphery of the lesion. In the hardened brain there 
was evidence of slight cerebral hernia, ¢. ¢. bulging of the 
brain into the opening in the skull, which accounts for the 
irregularity of contour in Fig. 3. 

In Figs. 1 and 2 I have endeavored to show the distribu- 
tion of association fibres te the external surface of the two 
hemispheres, the proximity of the oblique parallel lines to 
each other corresponding to the amount of degeneration 


found in the various convolutions. It was impossible to 


4@ In Fig. 1 the lesion does not extend upward as far as it should. It 


is better represented in Fig. 3. 
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represent the comparative amount of degeneration so aceur- 
ately in the outline drawings of transverse sections of the 
brain (Figs. 3 to 7 inelusive), because in so small a figure, 
in order to have the degeneration show at all, it was necessary 
to exaggerate. Degenerated fibres can be seen crossing in 
the corpus callosum in all the segments except “* E.” the 
most posterior, The distribution of association fibres to the 
convolutions of the two hemispheres is very nearly equal and 
quite symmetrical. Tt extends also upon the internal (mesial) 
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surface of both hemispheres as far as the calloso-marginal 
fissure. 

In two segments, C and D, the degeneration extends to the 
superior temporal convolution of both sides. The route 
taken by the degenerated fibres to reach the temporal lobe 
is the same in both hemispheres and is interesting. In see- 
tion = BY (Pig. 4) a few degenerated fibres appear among the 
fibres passing to the superior temporal convolution just ex- 
ternal to the thickened lower edge of the claustrum on both 
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sides. In the segment posterior to this (Fig. 5) many degen- 
erated fibres can be seen leaving the internal capsule, break- 
ing through the thin inferior edge of the lenticular nucleus 
and passing below the claustrum to reach the superior tem- 
poral convolution. Some of these fibres probably terminate 
in the lateral geniculate body. Although no continuous 
fibres could be traced from the internal capsule into the 
lateral geniculate body, it lies directly in the path of those 
running to the temporal lobe and there is considerable degen- 
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eration in this nucleus in both hemispheres. Still posterior 
to this (Fig. 6) degenerated fibres are passing between the 
islets of gray matter representing the prolongations of the 
putamen, while many others may be seen passing down 
among the fibres of the external capsule. The degenerated 
fibres in the superior temporal convolution are apparently 
continuous with both these tracts, the course of which is the 
same in both hemispheres. 

Taking into consideration the movements represented in 
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that portion of the cortex removed, the distribution of asso- 
ciation fibres is of especial interest. While the centre for 
uncomplicaled movement of the thumb occupies but a small 
portion of the area removed, movements of the thumb as part 
of some associated movement or march may be obtained not 
only from every portion of that area but also from points 
considerably removed therefrom—even as far down the con- 
vexity of the brain as the lower extremity of the fissure of 
Rolando. It is a question of much interest whether this is 


4. 


brought about by means of association fibres or projection 
fibres passing directly from each of the widely separated cor- 
tical areas to the system of secondary neurons in the cervical 
region of the cord. It is quite possible that complicated 
movements may be brought about in either or both ways. 
The great increase in cortical association tracts between mon- 
key and man suggests the possibility of inconceivable degrees 
of association. 


Looking upon the motor cortex as representing the centres 
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for associated Movements one would naturally expect to find 
projection fibres passing directly down through the capsule 
from that part of the cortex, giving rise to the movement. 
As I understand the significance of excitation experiments 
upon the cortex, the finding of a centre for the uncompli- 
cated movement of the thumb only means that in the move- 
ment represented at that spot, the movement of the thumb 
(flexion or otherwise) is the first or initial movement of the 
increased the 


mareh. If the stimulation is continued or 


march is continued or completed unless interrupted by a 
general Convulsion. Thus, if the anwsthesia is at just the 
right stage the gentlest stimulus only excites the first or 
initiatory movement of the march. In opposition to such a 
theory it may be urged that only one centre has been found 
inary single animal for such uncomplicated or initial move- 
ment, while many combinations are possible beginning with 
such movement. This would hardly render an entirely sepa- 
rate centre for each movement necessary, as they might ali 
he grouped about the common centre. 
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In experimental destruction of small cortical areas in the 
monkey I have often traced projection fibres into the cervical 
region of the cord from portions of the facial area far re- 
moved from arm centres. Such fibres probably represent the 
conduction paths for impulses, giving rise to movements in 
Such 


movements or actions are numerous in the monkey and in- 


Which the arm is associated with facial movement. 


Crease as we go up in the scale. For example, in feeding, 


the monkey stretches out his arm, opens the hand to lay hold 
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of the object, which he grasps and carries toward his already 
opening mouth. In this instance the extension of the arm 
is the initial movement, followed by extension of the thumb 
and fingers, then flexion, ete. Such a movement or march 
is of course much more complicated than any movement 
obtained by electrical stimulation of the cortex. But it must 
he assumed that the normal discharge of energy from the cells 
concerned in the cortical reflex, as a result of incoming sensa- 
tions, is a very different affair from our experimental stimu- 
lation. Stimulation of the motor cortex with a weak faradice 
current gives rise to certain movements. Cut away the cor- 
tical cells and stimulate the cut ends of the projection fibres 
Who can 


say these results are or are not brought about in the same 


immediately beneath and you get the same result. 
way? Does the former experiment induce a discharge of 
energy from the cell or does the current passing through the 
cell to the axis cylinder act exactly as in the other instance? 
However this may be we cannot safely assume that stimula- 
tion experiments disclose more than a hint of the functional 
activity of the cortex. 

A study of the excitation experiments of Beevor and Hors- 
ley* on the bonnet monkey shows that they obtained from 
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the cortical area corresponding to the lesion in this experi- 
ment: 

Movements of thumb of the opposite side: flexion, exten- 
sion and adduction; 

Flexion and extension of the fingers, opposite side; 

Movements of wrist, elbow and shoulder, opposite side; 

Closure of opposite eyelids; 

Turning of the head to the opposite side; 

Retraction and elevation of the corner of the mouth, oppo- 
site side; 

Pouting, pursing and rolling in of the lips. more of the 
opposite side, but often bilateral; 

Opening of both eves and 

Retraction of the head. 

The last two were each observed only once in fifteen experi- 
ments. These movements were obtained from various points 
within the given area but in no single animal were they all 
observed, nor was any one of these movements obtained from 
exactly the same point in all the animals experimented upon. 


Most were primary, though sometimes secondary or tertiary. 


’ Beevor and Horsley, Phil. Trans. Royal Society, B. I887 and 1894. 
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No purely primary movement was observed of the elhow or 
the fingers. 

On stimulation of the cortex of the orang outang the same 
investigators" observed opening of the eyes and turning the 
head and eves to the Opposite side represented in the same 
area, or rather in that part of it anterior to the fissure of 
Rolando. This march, it will be seen, is also represented 
within this area in the Bonnet, though not so clearly brought 
out as in the latter. It is of especial interest in connection 
with the considerable degree of degeneration found, in the 
experiment here described, in the superior temporal convolu- 
tion, now well established as the auditory centre. The asso 
ciation of this centre with that portion of the cortical area 
Which controls the opening of the eves followed by svii- 
chronous movement of the head and eyes would seem to be 
the anatomical basis of a cortical reflex of primary import- 
ance to self-preservation in all wild animals. It is also to 
he noted that the distribution of these fibres is quite bilateral. 
The fact that in this ease they degenerate toward the auditory 
centre, instead of from it, may be urged against the supposi- 
tion that these fibres are a link in this reflex, but the anatom- 
ical relations of the two centres are certainly intimate and 
direct. 

The feature of special interest in this group of experiments 
is the large number of degenerate fibres passing from the 
area of the cortical lesion over the middle line in the corpus 
callosum and down the internal capsule of the Opposite side.’ 
With the exception of those fibres voing to the superior tem- 
poral convolution of the opposite side, these fibres, in’ this 
experiment, all pass into the thalamus. In oa few animals, 
in Which practically the seme area was extirpated, some of 
the degenerated fibres found in the internal capsule of the 
opposite side can be followed through the pons and medulla 
into the cervieal region of the cord where they disappear. 

Nerve fibres within the central nervous system usually 
functionate in the direction of degeneration, but there is 
nothing in the character of the degeneration to suggest the 
character of the function. This can only be guessed at by 
the origin, course and termination of the fibres and what 


* Beevor and Horsley, Phil. Trans. Royal Society, B. 1890. 

The writer has found the same thing—degeneration in the internal 
eapsule of both sides after unilateral lesion in the brain, in the dog. In 
the dog all the degeneration in the internal capsule of the opposite side 


ends in the thalamus. 


A NEW CARBON-DIOXIDE FREEZING MICROTOME. 


By CHuarues 
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we know of the function of the areas and structures thus 
anatomically associated. Some of the projection fibres pass- 
ing inward from the motor cortex clearly carry motor im- 
pulses, but it cannot be assumed that all do. A vast number 
of projection fibres arising in the motor cortex end in the 
thalamus; | think [ may say in the thalamus of both sides, 
A careful study of the brains of a large number of animals, 
mostly monkeys, the subjects of experimental lesions of the 
cortex, leads me to conelude that this anatomical connection 
of each thalamus with the cortex of both hemispheres is most 
evident in those instances in which the area excised was that 
in which movements more or less bilateral are represented, 
These movements are mostly facial: such as are called into 
May not this have 
It has heen 


suggested that the thalamus is the centre for reflex or emo- 


play in the expression of the emotions. 
some bearing on the function of the thalamus? 


In unilateral facial palsy the escape of 
According to 


tional movements. 
the emotional paths has long been a puzzle. 
present conceptions the cortex is concerned in all reflexes in- 
volving consciousness. Many cortical reflexes are purely vol- 
untary. The part played by volition in those cortical reflexes 
termed emotional, such as the play of the features in’ facial 
eXpression, is open to discussion, but it ean hardly he doubted 
that they are as much cortical reflexes as any of the so-called 
voluntary movements. The interposition of the thalamus 
in such an are and the anatomical connection of each hemis- 
phere with both thalami, as here demonstrated, may explain 
the play of the features as the result of emotion when vol- 
untary movement is impossible. In many extensive lesions 
of the internal capsule fibres passing into the thalamus, even 
on the side of the lesion, might easily eseape injury, even if 
bilateral control of the thalami were improbable. 

As to the functions, other than motor, of projection fibres 
from the motor cortex, it is at least possible that some serve 
the purposes of inhibition, voluntary or otherwise. It seems 
altogether reasonable that voluntary inhibition of certain 
visual reflexes might be essential to holding the eyes fixed 
upon a given object. This is suggested as a possible explana- 
tion of the presence of degenerated fibres in the lateral genicu- 
late bodies in this case (Figs. 5 and 6). There is certainly 
no reason why the reflex might not be inhibited in the genicu- 
late body before it reaches the motor oculi nuclei. 


sechterew. Leitungsbahnen im Gehirn und Riickenmark. Zweite 


Autlage. 


SARDEEN, M.D., 


Associate in Analomy, The Johns Hopkins Universily, Baltimore, 


The carbon-dioxide freezing microtomes in common use 
in pathological laboratories have several drawbacks. Of these 
the most serious are those due to the use of a rubber tube to 


connect the tank with the freezing stage. In addition to the 


annoyances due to the rubber tube the microtomes are s0 
constructed as to utilize but a slight fraction of the heat 
absorption due to the expansion of the liquid earbon-dioxide. 
In order to obviate these drawbacks the microtome described 
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below was devised. In the designing of the original machine 


| had the assistance of Mr. KE. F. Northrup. In the construe- 


tion of the present machine [Lam indebted to Bausch and 
Lomb, who manufacture it, for several modifications which 
have simplified the instrument and rendered it more useful. 

Figure | shows the machine as it stands ready for use. It 
is made serew directly upon the nozzle of the carbon- 
The valve of the latter is utilized to control 


When the 


mierotome is serewed directly upon the carbon-dioxide tank 


dioxide tank. 
the escayn of the gas into the freezing stage. 


it is necessary that the tank should lie in a horizontal posi- 
tion, on a table for instance, where it may be held in place 
by some simple clamp. On the other hand, if it is desired to 
connect the microtome to a tank placed in some other than 
the horizontal position an L-shaped piece of tubing may be 
serewed on the nozzle of the tank and the microtome on the 
other end of the L tube. The tank may then be placed in 


any position desired. 


Fie. 1. 
A. Cover of freezing stage. 
B. Glass track for carrying knife. 
E. Spiral spring. 
F. Tubal base of knife-stage. 
3 Wheel. 
J. Nut for attaching axial tube to tank. 
M. Handle of tank-valve. 
N. Pointer. 


The axis and main support of the machine consists of a 
solid tube with a narrow lumen (K-D, Fig. 2). 
tube is united by a nut (J, Fig. 1 and Fig. 2) either to the 
nozzle of the tank or to the L-shaped tube mentioned above. 


This axial 


The machine is thus very readily attached. 

On the top of the axial tube the freezing stage (A, Fig. 1. 
A-C, Fig. 2) is serewed. This stage piece consists of two 
parts, a base and a cover. The base is the part screwed into 
the upper end of the axial tube (C, Fig. 2). To this base 
the cover-piece is serewed (A, Fig. 2). Between the base of 


the stage and the axial thbe is placed a thin brass plate 
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(D, Fig. 2) with a very narrow aperture at its centre. 
Through this narrow aperture the carbon-dioxide escapes 
into the lumen of the stage piece (C, Fig. 2). The difference 
in pressure on the two sides of the brass plate causes a very 
rapid expansion of gas between the cover and base of the 
freezing stage. The passage open for the escape of gas from 
the lumen of the base ((’, Fig. 2) to the external world is in 
the form of a spiral passage which finally opens out through 
the side of the cover, as shown in (Fig. 1,1). Between the 
cover and base of the freezing stage an asbestus washer is 
placed. The expanding gas therefore can absorb little heat 
from the base of the stage. Almost all heat absorption must 
take place from the cover. This heat absorption is greatly 
facilitated by the metallic spiral which projects down from 
the cover so as to give rise to the spiral passage through 
which the gas escapes. 

Through the mechanism here described far the greater part 
of the heat-abserbing pewer of the expanding gas is utilized 


Fie. 2. 
A. Cover of freezing stage. 
B. Glass track for carrying-knife. 
(. Aperture in base of freezing stage. 
D. Aperture in thin brass plate. 
E. Spiral spring. 
F. Tubal base of knife stage. 
G. Check for limiting movements of knife-staye. 
Hil. Groove for G, 
Wheel. 
Jd. Nut for attaching axial tube to tank. 
K. Opening into lumen of axial tube. 


to lower the temperature of the surface of the cover of the 
The temperature of the rest of the machine 
(¢ood control of the temperature of the 


freezing stage. 
is but little altered. 
freezing stage can be thus maintained. This control is far- 
ther rendered possible by the valve of the tank. If this valve 
is turned on full the temperature of the cover of the freezing 


stage is quickly reduced to a very low point. Tissue placed 
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on it is quickly frozen. On the other hand, if the gas is noi 
allowed to escape from the tank with full force the ditference 
in pressure in the two sides of the brass plate is less and heat 
absorption from the cover is less marked. In this way tissues 
placed on the cover may be slowly frozen without subjecting 
them to severe cold. Thus, too, a constant low temperature 
may be maintained by opening the tank-valve to the required 
poe. 

The mechanism for controlling the thickness of the sections 
lower end of the axial tube a 


is equally simple. On the 


land Fig. 2) is placed. 


movable wheel (7, Fig. This wheel 
moves up and down the axial tube on a screw thread cut 
twenty-five threads to the inch. <A complete revolution of 
the The 
margin of the wheel is divided into fifty spaces, each of 


A pointer (V 


wheel therefore raises or lowers it a millimeter. 
which therefore represents twenty microns. 
Fig. 1) serves to indicate the number of spaces passed in a 
partial revolution of the wheel and thus to show the thickness 
of the seetions cut. 


The knife-stage (F-B, Fig. 1 and Fig. 2) consists of a tubal 
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base (#’), which surrounds the axial tube and rests on the 
movable wheel: and of two flanges (2) which extend above 
the freezing stage en each side for the support of the cutting 


blade. 


tube by screwing the wheel upwards. 


The base of the knife-stage is moved up the avial 
It is forced down the 
axial tube by the spring (#, Fig. land Fig. 2) whenever the 
wheel is turned so as to be carried downwards. The flanges 
of the knife-stage support parallel glass track upon which 
the cutting blade is carried to and fro. 

For cutting sections a razor or a plane or almost any good 
steel blade with a straight edge may be used. 

The advantages of the machine are as follows: 

1. But little carbon-dioxide is wasted. 

2. The temperature of the freezing stage can be controlled 

3. Owing to the nature of its attachment to the tank it can 
be readily carried about. This should render it of especial 
value to surgeons. 

t, Above all it is simple in design, strong, and unlikely to 


get out of order. 


NOTES ON CERVICAL RIBS. 


By CLINTON 


(From the 


Although many cervical ribs have been described hereto- 
fore, the following description of three cases is given because 
of variations presented which, while most of them have 
already been recorded, are somewhat rare. 

Case Fig. 1. 
completed before the cervical rib was noticed, so that most 


The dissection of this subject was nearly 


of the soft parts had already been removed before it came to 
my hands. 

There was a cervical rib on each side, the left being much 
Each rib was made up of 
the 


better developed than the right. 
head, neck, tuberele and shaft. 
seventh cervical vertebra on the body and on the transverse 


Each articulated with 


process. There was a simple stellate ligament at the costo- 
central articulation, and a capsular ligament at the articula- 
tion of the tubercle with the transverse process. 

The left rib extended down to the upper border of the 
rib, with which it articulated, being held in 


first thoracic 


position by a capsular ligament. There was a slight articular 
eminence or facet on the first thoracic rib at the point of 
articulation, the facet apparently corresponding to the scalene 
tubercle of a normal first thoracic rib. The left cervieal rib 
projected a distance of 2.3 cm. beyond the body of the 
seventh cervical vertebra and then curved sharply downwards, 
The extreme width of the rib was at this point, where it 
measured 1.6 em. The shaft of the rib was triangular in 
cross-section and measured of em. in thiekness. 

the left 


middle of the bread upper half of the rib in a well marked 


The seventh cervical herve on side crossed the 


tratomical Luboratory of the Johus Hopkins University.) 


Brusu, Jr. 


At a point 2.6 em. from the distal end of the rib was the 
superior border of a sharply defined groove, .9 em. in width 
Across this passed the lower trunk of the brachial plexus (1), 
the eighth cervieal and first thoracic nerves uniting before 


crossing the rib, As the trunk of the brachial plexus was 
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Fie. 1, 
Case I.—1. Lower cord of brachial plexus. 2. Supplementary inter- 


costal nerve, 3. Fibrous cord, 


but .+ cm. in diameter, it is probable that the subclavian 
artery also crossed in this groove, 

In the supplementary interspace there were some well de- 
veloped muscle fibres, but their condition was such that it 
Was impossible to decide whether or not there had been both 


Just before Crossing the upper 


an inner and an outer set. 
the 


horder of first thoracic rib, the eighth cervical nerve 
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wave off a small branch (2), which divided into several smaller 
ivigs to innervate the supplementary intercostal muscle, 

The right cervical rib corresponded very closely in size and 
shape to the apper half of the left rib. It extended 1.7 em. 
hevond the body of the seventh cervical vertebra and was 1.1 
em. wide. ‘Che upper border curved sharply downwards and 
met the lower border 2.6 em. below the tubercle, so that the 
rib ended ina point. From this pointed end a round, fibrous 
cord (3) extended to the first thoracic rib, meeting it ata 
point corresponding to the place of articulation of the left 
cervical rib with the first thoracic rib on the left. side. 
From here the fibrous cord was continued along the superior 
horder of the first thoracic rib to the sternum. 

On the right side also the supplementary interspace con- 
tained well developed muscle fibres, the nerve supply being 
similar to that on the left side. 

The distribution of the arteries that were still on the 
subject was normal, except that on beth sides the vertebral 
arteries passed up to enter the foramina of the transverse 
processes of the filth cervical vertebra. 


Fig, 2. 
Case Il.—1. Groove for subclavian artery and lower cord of brachial 
plexus. 2. Groove for VII cervical nerve. 3. Ligament. 4. Capsular 


ligament. 5, 6, 7 and 8. Ligaments. 


Case Il. Negro woman. 
Vertebral formula— C, 7: 7’, 12; L. 5:8, 5. 


This subject possessed two well developed cervical ribs, 


Age, about 60 years. Fig. 2. 


that on the left side being much better developed than that 
onthe right. Each rib consisted of head, neck, tubercle and 
shaft. Each articulated with the seventh cervical vertebra in 
two places—the body and the transverse process. The right 
rib articulated with the superior border of the first thoracic 


wh, 6.9 cm. from the head of the latter. The left rib was 
ankylosed with the superior border of the first thoracic rib, 
the central point of the ankylosis being 5.5 cm. frem the 
head of the thoracie rib. 

The general shape of the two ribs was the same, the upper 
part of the shaft being broad and flat and then rapidly nar- 
rowing down to a shaft which was triangular in cross-section. 
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Rach rib presented two grooves. One (1) which was very 
well defined, was on the anterior surface of the narrow part 
of the shaft for the passage of the lower trunk of the brachial 
plexus and the subclavian artery. The other groove (2) was 
very slight and extended outward across the broad upper part 
of the shaft for the passage of the seventh cervical nerve. 

The diameter of the first thoracic rib on the left side from 
its head to the ankylosis with the cervical rib, but more 
especially in the neck, was much less than that of the right 
thoracic rib in the same part. Beyond the ankylosis it was 
about the same width as the right rib was beyond its articula- 
tion with the cervical rib. 

From the tip of the right cervieal rib a round fibrous cord 
extended to the sternum along the superior border of the 
first thoracic rib, being closely adherent to the latter. A 
similar cord was present on the superior border of the left 
theracice rib, being continued from the ankylosis. 

The principal measurements of the ribs were as follows: 


Right. Lett, 

Head, neck and tuberclé.............. 2.6 em 2.8 ¢m. 
Straight line from back of tubercle to 

Length along concave border... ..... 6.6 
Breadth of upper part of shaft... ..... 1.5 
Diameter of lower part of shaft....... 4 « 6 
Diameter of neck of tirst thoracic rib 1 


On the right side, the scalenus anticus had a normal origin. 
but was inserted on the tip of the cervical rib and on the 
superior border of the first thoracic rib for 1 em. anterior to 
the articulation of the two ribs. The scalenus medius was 
inserted along the superior border of the cervical rib from 
the tubercle to the upper border of the groove for the sub- 
clavian artery and lower cord of the brachial plexus, 2.3 cm. 
from the distal end of the rib. At the lower end of the 
insertion some of the fibres were prolonged downwards across 
the inner surface of the supplementary interspace to be 
inserted on the upper border of the first thoracic rib for 1.4 
cm. posterior to the articulation with the cervical rib. The 
scalenus posticus was inserted on the outer border of the 
cervical rib at a point 1.6 em. from the tubercle, in connec- 
tion with the scalenus medius, and thence by a fibrous band, 
em, wide, backward and downward to the superior border 
of the first thoracie rib for a distance of .5 em. on that rib. 

The supplementary interspace on the right side was filled 
hy two well developed intercostal muscles, an outer and an 
inner. The external intercostal arose from the outer inferior 
border of the cervical rib from the head to the extreme end 
of the rib. The fibres extended downward and forward to 
be inserted along the superior border of the first thoracic rib. 
The fibres arising from the end of the cervical rib spread 
out in a fan-shaped insertion along the anterior face of the 
first thoracic rib for a distance of 2.5 em. 

The internal intercostal muscle arose from the inner border 
of the inferior surface of the rib, the fibres running down- 
ward and backward to be inserted along the inner border of 
the first thoracic rib for a similar distance. This muscle was 
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innervated by fibres from the intercostal branch of the first 
thoracic nerve. This branch ran along the superior border 
of the second thoracic rib and sent its fibres across the first 
rib to the supplementary intercostal muscle. 

The eighth cervical and first thoracic nerves united at the 
inner border of the cervical rib to form the lower trunk of 
the brachial plexus, which crossed the rib above the subela- 
vian artery. Just before uniting with the eighth cervical 
nerve, the first thoracic gave off a slender branch which de- 
scended along the inner berder of the rib, behind the sub- 
clavian artery, to the lower end of the rib, where it turned 
upward to gain the surface, wound around the end of the 
rib and was distributed to the articular ligament. 

The right rib articulated freely with the seventh cervical 
vertebra and also with the first thoracic rib. A stellate liga- 
ment held the head of the cervical rib to the vertebra. 
Besides this ligament there was a superior costocentral liga- 
ment (3) passing from the superior surface of the neck of 
the rib mainly to the lower outer border of the baal of the 
sixth vertebra, a small slip being continued upward and out- 
ward to the anterior inferior border of the transverse process 
of the same vertebra. A capsular ligament (£) held the 
tubercle of the rib to the transverse process of the seventh 
vertebra, 

The disposition of the soft parts of the left side was very 
similar to that of the right. The scalenus anticus was 
inserted by a fan-shaped set of tendinous fibres to the lower 
half centimeter of the cervical rib, and was continued alone 
the superior border of the first thoracic rib for 1.6) em. 
anteriorly, "The scalenus medius was inserted along the 
superior external border of the cervical rib from its head to 
the upper margin of the groove for the subclavian artery, 
2.5 cm. from the central point of the ankylosis. The 
scalenus posticus was inserted on the superior border of the 
first rib. The iliocostalis dorsi sent a slip of insertion to the 
external border of the cervical rib and also one to the tubercle. 
On the right side the slip to the tubercle alone was present. 

The external intercostal musele in the supplementary inter- 
space was well developed. It arose from the outer border of 
the inferior surface of the cervical rib from its head to the 
ankylosis, "Phe fibres, running downward and forward, were 
inserted along the superior border and external surface of the 
first thoracic rib for a somewhat longer distance. The inter- 
nal intercostals arose from the inner inferior border of the 
cervical rib, from the ankylosis to the tubercle, and extended 
downward and slightly backward to be inserted for a similar 
distance along the superior inner border of the first thoracic 
rib. ‘Lhe innervation of the supplementary intercostals was 
similar to that on the right side—by branches from the first 
intercostal nerve. 

The left cervical rib articulated freely with the seventh 
cervical vertebra, but was firmly ankylosed with the superior 
border of the first thoracic rib, the ankylosis covering a dis- 
tance of 2.2¢m. The tubercle articulated with the transverse 
process of the seventh vertebra, the joint being effected by a 


capsular ligament, no distinet division into smaller indi- 
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vidual bands being noticeable. From the neck of the rib. 
just within the tubercle, a fibrous band (5) .5 em. in width 
extended upward, backward and slightly inward to the lower 
posterior border of the transverse process of the sixth ver- 
tebra, and to the anterior face of the transverse process of the 
seventh. A small ligament (6) connected the superior ex- 
ternal margin of the head with the lower, outer border of the 
hody of the sixth vertebra. Just internally te this. and 
arising from the middle of the superior surface of the head. 
a band .3 em. wide (7) extended upward and inward to the 
lower outer border of the sixth vertebra, the insertion being 
under and inside of that of the smaller slip. Posteriorly to 
these, another ligament, .6 em. wide, connected the superior 
posterior surface of ‘the head with the lower border of the 
hody of the sixth vertebra. A short, tough, fibrous cord (8) 
extended from the inferior surface of the head of the cervical 
rib to the superior surface of the head of the first thoracic rib, 
From the upper half of the head of the cervical rib a stellate 
ligament extended to the body of the seventh vertebra. 

The arterial distribution on both sides was normal except 
for the origin of the left common carotid from the innominate 
artery immediately after the latter left the aorta. 

There was a distinet skoliosis to the left side in the upper 
thoracie region. 

Case ILL. This was simply a cleaned specimen of a ri} 
from the anatomical museum. Nothing was known about the 
subject from which it came. 

The specimen was that of a left first thoracic rib, having 
a cervical rib ankylosed with it. The ankylosis was so coum- 
plete and the free part of the cervical rib so short that it 
would be better to class this as a bicipital first thoracic rib. 
Its morphology is very similar te that of the bicipital ribs 
described by Turner.” The rib presented two heads, two 
necks, two tubercles; and, for a distance of 1.6 cm. beyond 
the tubercle of the Upper division, there were two. shafts. 
That point marked the posterior limit of the ankylosis, whieh 
extended forward a distance of 4 em. On account of the 
ankylosis, the rib was very broad at this part, being 2.6 em.. 
while the true shaft of the first thoracic rib beyond the fusion 
was but em. The two necks were separated by space 
om. wide. 

The principal measurements of the rib were as follows: 


From tip of head to outer border of tuberele, (upper division), 5.4 em. 


“ (lower division). 3.6 


Straight line from head of lower division to distal end of rib. 4.5 
Length along convex margin from head of lower division to 


The upper border of the rib presented two grooves, one 
crossing just anterior to the central point of the ankylosis and 
the other .? em. anterior to this. In the recent state the 
subclavian artery and lower cord of the brachial plexus un- 
doubtedly crossed by the former, while the latter was prob- 


' Journ. Anat. and Physiol., 1883, vol. xvii, pt. iii. 
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ably for the passage of the subclavian vein. Between these 
two grooves there was a very prominent pointed process, pro- 
jecting | cm. veyond the upper border of the rib. The 
anterior margin of its base was also the anterior limit of the 
ankylosis. From its general direction and from the fact that 
there was a visible groove along the line of ankylosis, it seems 
probable that this represented the tip of an originally free 
cervical rib. In the reeent state there was probably a fibrous 


cord extending from the tip of the process to the sternum, 


SuMMARY. 


Of these three cases, the first two present some uncommon 
variations. In the first case the innervation of the supple- 
mentary intercostals by a direct intercostal branch from the 
eighth cervical nerve has been described only once’ The 
second case shows a peculiar insertion of the serratus posticus 
on the first thoracic rib. This has also been described by 
Gruber, but it is not mentioned asa variation in the standard 


Mem. de l’ Acad. des Se. de St. Petersbourg, 186%. 


ON THE PRESERVATION OF ANATOMICAL MATERIAL IN AMERICA BY MEANS 
OF COLD STORAGE. 
By Abram T. Kerr, M.D., 


Assistant Professor of Analomy, Cornell University, Ithaca, N.Y. 


The preservation of the dead body and its preparation for 
dissection have always been problems to the teacher of anat- 
omy. The methods of preservation are different according 
to the object in view; certain methods being employed when 
it is only desired to keep the body for the ordinary dissection; 
others, when special parts, systems, or regions are to be 
worked out; and still different methods when it is desired 
to store material for months or years. One great step was 
made in the process of preservation of anatomical material 
for dissection when Frederic Ruysch, the Dutch anatomist. 
introduced the method of embalming by means of injection, 
This was further developed by William Harvey and has been 
brought to great perfection at the present day both by the 
anatomists and the professional embalmers. The various 
methods employed in most of the principal European schools 
have been carefully deseribed by Dr. Hjalmar Grénoos in the 
Anatomischer Anzeiger for September 28, 1898; and a report 
upon the various methods employed in America was prepared 
by a committee of the Association of American Anatomists 
and published in Science January 17, 1896. 

The rapid development of medical education has called 
for the introduction of more laboratory work in the first two 
years of the course, and this, together with the increased 
tendency to concentrate medical teaching in the larger col- 
leges, has made it necessary to collect dissecting material 
during the whole year and to develop methods which shall 
preserve it in good condition until wanted. 

The method of pickling, that is, placing the body after it 
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text-books, nor is it spoken of by Le Double! ‘This case also 
presents the following variations, which, so far as [ can find, 
have not been reported heretofore: a minute branch from the 
right first thoracic nerve to the articular ligament between 
the cervical and first thoracic ribs; a ligament connecting the 
head of the left cervical rib with the head of the left first 
thoracic rib, and a ligament from the neck of the cervieal rib 
to the lower border of the transverse process of the sixth 
vertebra (Fig. 2,5). For a full list of references to the sub- 
ject of cervical ribs the recent article by Phillips‘ may be 
consulted. 


In conclusion | wish to express my thanks te Dr Ro G. 
Ilarrison, at whose suggestion the work was originally under- 


taken, for his advice and assistance in my work, 


' Traité des variations des Systéme masculaire de’ homme. Paris 1897, 
Tome I. 


‘Journ. Anat. and Physiol., 1900, vol. xxxiv, n. s. Xiv, pt. iv. 


is embalmed and injected into a large vat of brine or some 
other fluid, is being quite generally abandoned. It is re- 
placed in some institutions by enclosing the bodies in tightly 
sealed boxes, in which there is an inch or more of aleohol on 
the bottom and the body is surrounded by alcohol vapor. In 
other places the use of cold is emploved to keep: the hodies 
until they are needed. 

Cold is produced according te the well known law of 
physics, that heat is required to change a solid inte a liquid, 
or liquid into a gas. This heat is abstracted from surround- 
ing substances. For the preservation of cadavers the cold 
was produced until the past few vears by the melting of ice 
either alone or combined with salt. But within recent years 
refrigerating machinery has been so well perfected, and the 
cost of these machines has been so much reduced, that to-day 
there are ten medical colleges in the United States which 
have installed refrigerating plants. The principle on which 
these machines work is very simple. It is well known that 
it requires much more heat to vaporize a liquid than to 
liquefy a solid; thus to liquefy 1 gram of ice it requires 80 
heat units, but to vaporize 1 gram of water it takes 537 heat 
units. Therefore in the freezing machine a volatile liquid 
such as ammonia or ether is used. The machines on the 
market to-day are mostly ammonia machines. 

The first ice machine to be used to preserve dissecting mate- 
rial was installed by the College of Physicians and Surgeons, 
Columbia University, New York, and when it had been in 
operation long enough to show the practicability and advan- 
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tages of this method plants were installed by the Johns 
llopkins and by the University of Pennsylvania and later 
hy Syracuse University, Long Island College Tlospital, the 
University of Buffalo, Jefferson Medical College, the Univer- 
sity and Bellevue Hospital Medical College, Cornell Univer- 
sity, Medical College, New York City, and a plant is to be 


huilt this year by the Cornell University Medical College at 


Ithaca, N. Y. 

Last April, at the suggestion of Dr. Mall, [presented 
hefore the Association of American Anatomists at) Washine- 
ton a very brief account of the plant installed at the Univer- 
sity of Buffalo. At this time [ wrote to the professors of 
anatomy in all the institutions where | knew that they had 
cold storage plants and asked for certain statistics in order to 
compare their results with these obtained by me at) the 
University of Bulfalo. From some of these which [am per- 
mitted to use, and from the articles of Dr. Mall’ on the cold 
storage plant at the Johns Hopkins, and of Dr. Tlolmes” on 
that at the University of Pennsvivania, | wish to call atten- 
tion to those things which tt is desirable to incorporate ina 
plant and those which should be avoided I desire at this 
peint to express my thanks to the professors in the institu- 
tions named above for furnishing me with data regarding the 
ice machines and vaults emploved by them. 

There are two systems in-use at the present day. In the 
system: a solution of ammonia in water is 


eated, the ammonia gas passes off into a condenser where 


the constant distillation raises the pressure and the heat being 
absorbed by a stream of cold water, the ammonia becomes 
liquid. The liquid ammonia is conducted to the refrigerating 
coils, where it again becomes a gas and by thus vaporizing 
produces cold, The gas then passes to another chamber, 
Where it is absorbed by a weak solution of ammonia in water, 
and the strong solution resulting is returned to be heated 
again. This type of apparatus is said to have some advan- 
tages over the other system, as its relative cheapness and lack 
of complicated machinery, but it is also deficient in’ several 
spects. The Long Island College Hospital Is, | believe, the 
only medical school which has an apparatus of this kind. 

The ammonia compression machine is the one most gener 
ally used to-day. This consists essentially of three parts, 
as shown in the figure of the plan at the Johns Hopkins 
University. The evaporating coils are the pipes ino which 
the liquid ammonia changes to a gas and absorbs heat from 
its surroundings. The compressor is a combined suction and 
compression pump which draws the ammonia vapor from the 
evaporating coils and forces it under pressure into the cooling 
coils, These are leng lines of pipes immersed ino running 
water, and under the combined action of the pressure from 
the pump and cold from the water the ammonia gas is here 


reconverted into a liquid and passes again into the evaporat- 


' Franklin P. Mall, The Anatomical course and Laboratory of the Johns 
Hopkins University, Bulletin of the Johns Hopkins Hospital, Baltimore, 
May and June, 1896, vol. vii, Nos. 62-63. 


FE. W. Holmes, Refrigeration as a means of preservation of Bodies 


tor use inthe Dissecting room, Internat. M. Mag. Phil., 1807, vi, 747-744. 
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flow is of course regulated by valves and 
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ways. In the one the evaporating or expansion pipes are 
distributed directly in the room which it is wished to cool; 
in the other these coils are distributed through calcium 
chloride brine and the cold brine is pumped through the 


In sulation 


Insulation 


Machines are rated in two ways, according to their ice- 
making capacity, and their refrigerating capacity. The latter 
is usually taken as twice the former. The unit of ice-making 
capacity is one ton of ice at 32 degrees I. frozen from water 


C 
| 
((_ Prine tank | 


Fic. 2. —Outline of the cold storage vault at the University of Pennsylvania. The brick wall on the outside is striated. 


7% 


Brine Tank 


Boara 


Dri, 


Fic. 4.—Section of the wall and insulation of the vault at 
the University of Pennsylvania. 7, one layer of building 
paper; <A, half-inch air space. 


Fic. 3.—Section of the cold storage vault at the University of Buffalo. 


rooms which it is desired to refrigerate. The first of these 
is known as the direct-expansion method, the other as the 
indirect. Johns Hopkins and Syracuse have the indirect and 
Pennsylvania and Buffalo the direct. 


at 32 degrees F., and is equivalent to 284,000 heat units per 
24 hours. 

It is quite important to get a machine large enough for 
the work required of it. The size will be influenced greatly 
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hy location, insulation, and so forth. Very satisfactory work 


machine of 3 
3000 


refriger- 
about feet. At 
1500 cubie feet, at 
feet, at 
1500 cubie feet. 


of such a plant varies from $2000 to SHOO0, 


is being done at Syracuse by a tons 


ating vault of cubic 
Bulfalo a 
Hopkins a 4-ton machine for 


about 


capacity fora 
about Johns 


2300) cubie 


3-ton machine for 
Pennsy!- 
Vania a 6-ton is used for The cost 
Whether the machine works on the plan of direct radiation 


or indirectly by means of brine, it is a very great advantage 


have within the vault a considerable body of brine which 
is cooled when the machine is running and a holds the 
cold, giving it out gradually and keeping the temperature olf 
the vault from rising rapidly when the machine is not run- 
coils of ammonia 


In the Johns 


ning. These brine tanks are cooled by 


expansion pipes running through them. 


kins plant, where this device was first introduced, there is 
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the 
This also helps the circulation and pre- 


around the sides of the upper part of the vault or alone 
both. 
warmer 


ceiling, or 


vents a stratum of air from collecting above and a 


cold stratum below. The circulation of the air in the yault 


is only maintained during the running of the machine, as 


the temperature of the expansion pipes soon becomes the 
same as that of the surrounding air when the machine is shut 
down. 

The size of the machine required is of course influenced 
greatly by the size of the vault and its insulation, and the 
number of hours per day which the machine is in operation, 
In all of the above-named plants there is more than enough 
cold produced. The excess of cold can be used to cool some 
of the dissecting rooms in summer, as is done at Columbia 


The construction of the vault is one of the most important 


and at Cornell, 


Su inch 


Space 


— 


Fig, 5.—Section of the insulation of the ceiling of the 


space one-inch wide; 7, building paper. 


Y 
Yi, 


vault at the University of Buffalo. 


B, Boards thick; air 


Fic, 6,—Section of the insulation of the side walls of the 


one large tank situated in one corner of the vault. Since 


they use the indirect method this tank alone is cooled by 


ammonia expansion coils and the cold brine is taken from the 
in the vault. At the 
narrow tanks 


tank and pumped through the pipes 
University of Pennsylvania there are two long, 
situated on each side of the door. The brine is not pumped 
from these, but they simply act as a reservoir for cold brine. 
At the Bulfalo 
brine tanks, which are suspended, covering the whole top of 
is that the 
this falls to 
the bottom of the vault replacing the warmer and lighter air 


University of there are two long, shallow 


the vault. The advantage in this arrangement 
large mass of chilled brine cools the air above; 
there, and in this way a constant circulation is kept up (Figs. 
1, 2 and 3). 

Besides the expansion pipes in the brine, there is a consid- 
erable amount of pipe in the 


The 


vault to cool the air directly. 


arrangement of ammonia coils is usually 


expansion 


vault at the University of Butfalo. SW, 


stone wall; P, building paper. 

things and the aim should be to get the insulation as perfect 
as possible. With a perfect insulation there will be absolutely 
no loss of cold and a temperature once obtained will be 
retained indefinitely. Of course a perfect insulation cannot 
he secured, but a little extra expense in the construction of 


the vault at the start is a saving in the end, as the machine 


will have to be in operation for a much shorter time. The 
illustrations show the method of insulation employed at the 
University of Pennsylvania and the University of Buifalo. 


These consist of a number of dead air spaces separated by 
or tar paper. Some of these air spoves 
may be filled with cork or mineral wool. With the consid- 
erable changes in temperature and consequent expansion and 
This 


boards and building, 


contraction the insulation is liable to be destroyed. 
may be partly overcome by having around the outside a 
strongly braced wall, or one of brick or stone, as at the Uni- 


versity of Pennsylvania and the University of Buffalo. It is 
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important that the floor should be well insulated and covered 
on the inside with a layer of Portland cement, asphalt or, 
better still, sheet zinc, which should extend up for a foot or 
«o on the side walls of the vault. It is desirable also that 
the floor should slope toward the entrance, so that when the 


is shut down and the vault is being cleaned, the 


machine 
water will flow through the door toe a drain placed in the 
room itside, 

With a vault of a given size the capacity in bodies varies 


There are three 
The 


popular is to have the vault arranged with a series of 


according to the method of storing them. 
methods in general use in the different universities. 
most 
shelves. This is the method employed at the Universities of 
Buifalo, Pennsylvania, Syracuse and Long Island College Hos- 
pital. At the Johns Hopkins the bodies were first stored on 
shelves but in order to increase the capacity of the vault the 
shelves were removed and the bodies piled one upon an- 
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Fic. 7.—Side of vault showing the arrangement of the expansion 


pipes at the University of Butfalo. 
other. At Columbia and Cornell, N. Y., they are suspended. 
There are certain advantages in each system. The method 
of shelving the bodies takes up the most room, but it has the 
advantage that each body is easily accessible. The shelves 
may be divided into sections and each shelf numbered, then 
when a hody is placed in the vault the record of its position 
can be added to the department history and it can readily be 
found when desired for a particular purpose. In actual prac- 
tice this works out very nicely, as employed at the University 
of Pennsylvania, and a body which has been stored for months 


and is then claimed by relatives is easily located. The 
shelves may be either made of slats or solid boards. The 
latter are used at the University of Bulfalo. Where the 


subjects are piled one upon the other there are several advan- 
tages as well as disadvantages. First of all there is great 
economy of space, and the subjects being packed closely tend 
to prevent evaporation, but on the other hand there is a 
tendency for the bodies to become frozen together, causing 


considerable annoyance when one is to be removed. This 
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has been overcome by Dr. Mall by placing a layer of building 
lathe between the bodies after they have been vaselined and 
wrapped. Of course in a great pile of bodies it is very diffi- 
cult to find any particular one. 
tend to hold the cold for some time, so after the machine is 


Bodies packed in this way 


shut down and the vault thrown open it takes several days 
for them to thaw out. 
a brine tank it is still more difficult to thaw them with the 
additional cold from the tank, and this is a great advantage 


If these bodies are piled closely around 


in case of a break-down, 

At Columbia and at Cornell, N. Y., the bodies are sus- 
pended and run into the cold storage vault on tracks like 
the carcasses at a slaughter-house. I do not know the ad- 
vantages and disadvantages of this method. 

The temperature in the vault should not be allowed to run 
above freezing, as this permits thawing, and in consequence a 
sloppy condition of the floor. The average maximum tem- 
perature usually maintained at the University of Pennsyl- 
vania is 24 degrees and the minimum 16 degrees Fahrenheit, 
and at the University of Buffalo the maximum is 25 degrees 
and the minimum 14 degrees Fahrenheit. This is computed 
from the daily temperatures for June, July and August, 1899, 
which are given in the appended table. These temperatures 
are taken at the University of Buffalo by an ordinary ther- 
mometer, it being necessary to enter the vault to take the 
readings. At the University of Pennsylvania a self-recording 
thermometer takes the temperature variations. 

All of the vaults are lighted by electricity, which may be 
turned on by a switch from the outside before entering the 
vault. The cost of operating a plant varies greatly, depend- 
ing on the size, number of hours a day it is run, number of 
subjects, and also the motive power. 

Steam is employed to operate the machine at the Johns 
Hopkins and at the Long Island College Hospital, and steam 
with electricity as reserve at Syracuse University. Electricity 
alone is used at the University of Pennsylvania, and a gas 
engine at the University of Bulfalo. As the steam is also 
used for heating and the electricity for lighting it is difficult 
to estimate the exact amount of either used for running the 
machine. At the University of Buffalo and at the Johns 
Hopkins an estimate of the cost for one year was below $100, 

In all the cases before the body is placed in the cold room 
it is embalmed and the arteries filled with colored plaster, 
starch or at the Johns Hopkins with shellac. When wanted 
the body has only to be taken from the vault to the dissecting 
room and upon thawing it is ready for work. When a body 
is kept in cold storage for a time there is considerable drying 
of the hands and feet, face and genitals, and when kept for 
a long time there is a general mummification of the body. 
To overcome this the body is covered at the Johns Hopkins 
with a layer of vaseline, over which is wrapped a layer of toilet 
paper, and the whole is covered with cheese-cloth. The same 
method is employed at the University of Pennsylvania. At 
the University of Buffalo and at Syracuse University only the 
head, limbs and genitals are wrapped. 

Although there are other methods of preserving the body 
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for dissection, it would seem that a well embalmed body 
properly wrapped and kept in cold storage furnishes the 
cleanest, best preserved and most satisfactory dissecting ma- 
terial. Besides being used to preserve cadavers the refriger- 
ating plants in the different medical schools are used to keep 
such material from the slaughter-house as is used for dis- 
section. Fresh organs from post mortems are also preserved 
in the vault until wanted, or a separate compartment, cooled 
by the same machine, is built to contain them. 

From. the study of the various cold storage apparatuses 
for the preservation of anatomical material it appears that 
the system at the Johns Hopkins is the most economical, as 
it does not require continuous operation of the machine. 
This system is further improved at the University of Penn- 
sylvania and at the University of Buffalo for the direct 
system of cooling the vault at the same time the brine tank 
within the vault is chilled makes the pumping of brine un- 


necessary. 


TABLES OF RESULTS OBTAINED DURING JUNE, JULY AND 
AUGUST, 1899 AT THE UNIVERSITY OF BUFFALO. 
The machine was operated only during the day, the numbers below 
12 are A. M., and those after 12 are P. M. The temperature is given in 


degrees Fahrenheit. 


Date. Duration of Run. Time. Temp. Time, Temp. 
June 1 1 hrs. 10 24° I 16° 
2 3 10 22 1 I4 
3 31g 9 22 12 12 
4 3 ’ 26 12 16 
5 234 ” 24 12 14 
6 3 ” 24 12 14 
7 3 9 24 12 14 
8 28,4 9.15 24 12 l4 
23, 24 12 15 
10 4 8 23 12 12 
11 Sunday 
12 3ly 8.45 28 12 17 
13 2 8.45 26 11 12 
14 3 9 26 12 16 
8.50 26 12 16 
16 3 8.45 26 12 16 
17 8 24 11 15 
18 Sunday. 
19 3 20 12 17 
20 314 9 26 12 16 
21 314 of) 25 12 17 
22 31 9 26 12 17 
23 314 9 24 12 14 
24 3 8 24 12 14 
25 Sunday. 
26 3 9 30 13 19 
27 3 8 28 12 16 
28 34 8 26 11 15 
9 ' 8 26 12 15 
30, Engine out of order. 
July 1 41,5 s 31 12 14 
2 Sunday. 
3 8 31 
3 15 

4 Holiday. 
5 4 S 28 12 18 
6 334 8 26 12 16 
8 26 12 16 
8 454 8 25 12 15 

9 Sunday. 
10 3 s 30 11 18 
11 3% 8 27 11 16 
12 3u4 8 26 12 15 
13 ihe 8 27 2 15 


Date. 


1899. 
Julyl4 
15 
16 


Aug. 


TEMPERATURE 


Sept. 
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Duration of Run. 


hrs. 
41 
Sunday. 


Sunday. 
314 


414 
4 
Sunday. 


Sunday. 
384 
4 


s 


4 4 


4 
unday. 
4 
4 


‘4 
Sunday. 


RECORD 


Nos. 121-122-102: 


Maximum | 
Time. Temp. rime. 
Ss 24° 12 
25 12 
8 20 12 
8 28 11 
S 26 12 
8 24 12 
24 11 
8 25 12 
Ss 29 12 
s 28 12 
s 26 12 
8 26 12 
26 12 
8 24 12 
28 11 
8 27 12 
8 26 12 
8 24 11 
Ss 25 12 
25 12 
8 28 12 
8 26 2 
8 25 11 
8 25 2 
24 1 
8 32 12 
28 1 
8 6 12 
s 24 12 
34 11 
8 23 12 
33 12 
8 26 12 
8 25 12 
23 12 
12 
233 11 
8 33 12 
Ss 27 12 
8 235 12 
S 25 12 
24 12 
ANATOMICAL VAULT 


Minimum 
Temp. 


MEDICAL 


DEPARTMENT UNIVERSITY OF PENNSYLVANIA. 


The temperature is given in degrees Fahrenheit. 


Duration of Run. 


Maximum 
Temp. 


Minimum 
Temp. 


> 


14° 
17 17 
18 314 17 
19 $1) 15 
20 4 14 
21 17 
22 4 14 
23 Sunday. 
24 4 18 
25 31 16 
26 31g 14 
27 334 16 
28 334 15 
29 4 13 
30 
4 17 
2 4 15 
314 14 
17 
6 
> 16 
|: 
84 15 
10 13 
11 435 12 
12 10 
13 
id 
15 15 
16 14 
17 13 
Is 12 
19 10 
20 
21 1b 
22 15 
23 12 
24 | 12 
25 12 
26 12 
27 
28 17 
: 29 4 16 
| 30 414 14 
12 
] 
q 
1900. 
. Aug. 26 8 hrs. 5° 3° 
27 12 
28 10 10 
whe 29 10 10 
i 30 9 11 1, 
31 8 11 
11 
2 10 14 
3 11 11% 7 
4 10 12y% 615 
\ 5 10 121g 
6 9 13l¢ 9 
7 10 13% 8 
8 9 13 9 
9 8 14 
10 7 14 11 
11 10 by 10 
12 10 10% 
\ 13 15% 9 


1901.] JOHNS 


Date. Duration of Run, Maximum Minimum 
‘Temp. Temp. 
1900. 

i4 5 hrs. 144° 7 
13 7 
16 6 14 9 
17 0 15 151, 
1s 16 
19 13 11 
10 10 
21 9 13% 10 
23 7 16 104% 
3 ” 16 9 

9 15 12 
25 8 16 9 
8 15 
8 44% ” 
38 10 8 
29 


13% 11 


The above table was compiled from five discs, loaned by 
Prof. Piersol, on which the temperature was recorded auto- 
The 
number of hours during which the machine was in operation 
(by electricity) was estimated from the interval between the 
There is an incon- 


matically. Each dise recorded a week’s temperature, 


rise and fall of the temperature curve. 
stant interval, after the machine has stopped, during which 
the temperature does not rise appreciably. This was esti- 
mated to be about one hour and has been deducted in making 
the above table. 

TEMPERATURE RECORD OF THE BRINE AND VAULT AT THE 

ANATOMICAL LABORATORY OF THE JOHNS HOPKINS 
UNIVERSITY. 


The machine was operated only part of the time, the object being to 


determine how well the insulation of the vault would hold the 
temperature below the freezing point. 
TEMPERATURE IN DEGREES FAHRENHEIT. 
Date, 7 Outside. Brine, Vault. ~ 
1805. A, M. P.M. A. M. P. M. A, M. P.M. Duration 
of Run, 
November 11.... 59 69 as et 29 25 S hours 
12 5Y 62 29 25 2 
13 = 61 8 25 8 
14 62 73 11 0 26 21 8 
15 72 7 8 24 22 9 
16 71 78 6 5 24 20 4 
17 ‘ 0 
18 63 69 14 5 27 23 bly 
19 71 68 10 6 25 2 vi 
20 7 Te 10 3 26 21 8 


ON THE DEVELOPMENT OF THE NUCLEI PONTIS DURING THE SECOND AND THIRD 
MONTHS OF EMBRYONIC LIFE. 
By Marcarer Lona. 


(From the Anatomical Laboratory of Johns Hopkins University.) 


This work was undertaken in the fall of 1899 at the sug- 
gestion of Doctor Barker, and has been carried out with his 
assistance. 
were very kindly lent by Doctor Mall from his collection.’ 


The specimens used are human embryos and 


'The numbers of the embryos correspond with their numbers in the 
embryological cabinet of the Anatomical Laboratory of the Johns 
Hopkins University. 
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TEMPERATURE IN DEGREES FAHRENHEIT. 


Date. outside. Brine, Vault 
1895. A.M. P.M. A.M. P.M. A.M. P.M. Duration 
of Run. 
November 21.... 26 28 0 hours 

23.... GO os 29 os 0 
23.... 63 31 0 
& 73 23 10 32 2 8 
.... 78 13 2 28 23 8 
icin 76 8 2 2 23 8 

29.... 60 69 13 4 26 33 8 
76 0 2 21 6 
2 64 76 12 0 26 2 7 

‘ 62 68 s 2 2 20 8 

4. 56 57 27 26 0 
64 29 0 

6 56 62 29 30 0 

Ria 58 64 30 31 0 

+) 60 66 32 32 0 

10 58 67 25 8 32 2% 8 

11 59 7v 1 26 27 8 

12 60 64 28 29 0 

13 . 58 62 29 30 0 

14. 5 2 30 31 0 
<i 0 
16.... 49 48 33 32 0 
7s 20 32 24 8 

18. 70 7 Ss 2 29 20 bs) 
we 29 29 0 

20 68 68 30 31 0 
oy 33 32 0 
74 20 6 32 
34.... % 78 11 2 27 21 10 

26 76 74 s 2 27 20 10 

37 72 7 28 29 0 
28.. 74 7 30 3 v0 
29.. ea 0 
30... 68 18 32 8 

31 66 7 25 8 

1896. 

2 68 72 28 29 0 
74 29 3 0 
4 64 68 30 31 0 
0 
6 . 58 60 $2 32 0 
62 is 32 33 0 
i... 67 20 8 32 25 
72 11 2 2 20 10 

10 66 68 28 29 0 
ne. 68 7 29 3 0 
12. “a 0 
13 61 68 ol 32 0 
14 68 74 18 5 32 22 10 


The following embryos are described in the order of their 
probable age, as estimated by their length and by the devel- 
opment in the rhombencephalon. The arrangement of the 
cerebral nerves and the general appearance of the medulla 
oblongata agree with the His models and with the deserip- 
tion given by His in “* Die Entwicklung des menschlichen 
Rautenhirns ”; a description of these is accordingly unneces- 


123 
| 
| 


124 JOHNS HOPKINS HOSPITAL BULLETIN. 


sary. Each embryo has been studied in serial sections and 
from these sections a few, at different stages of development. 
lave been selected as characteristic of the structure of the 
pons, its nuclei and fibres. To make the work complete it 
will be necessary to study more embryos at intermediate stages 
between che five given here, and others from the third montlt 
up to the adult pons. 

Kmbryo No, is 80 mm. jong and has been cut into 
serial sagittal sections. The nuclei, which | have designated 
are masses of cells distributed through the ventral part of 
the mantle layer (Mantelschicht of His) at or near the level 


of the pontal flexure. The most medial of these nuclei ex- 


and “IL” in the various sections, 


tend to within 0.7 mm, of the middle line. An unstained 
fibre bundle can be seen on the surface of the rhombenceph- 
alon ventral to the mantle laver throughout its entire length. 

Section No. 73 is 2.1 mm. to the left of the middle line 
(Fig. 1). Near the ventral surface on the cerebral side 
of the nervus trigeminus is a well defined cell-mass, ° Bo 
On the ventral surface opposite the nervus acusticus is a 
deeply stained cell-mass, “TE which (when followed in’ the 
series) is seen to extend lateralward and spinalward to the 
floor of the fourth ventricle at the junetion of the latter 
with the telachorioidea. The section of the mantle layer 
presents longitudinal striations which have a slight ventral 
convexity. A few of these strands are more deeply stained 
than the rest between the level of the N. trigeminus and that 
of the N. acusticus. The dark ependymal epithelium and 
the unstained ventral fibre bundle are evident. 

Section No. 91 is 12 mm. to the left of the middle line. 
On the ventral surface of the pons is a delicate shel! or mass 
of cells, “ continuous lateralward with of the 


previous section. Between it and the mantle layer is the 


ventral fibre bundle. Dorsal from * A” is a cell-mass, “ C, 
partially subdivided by a few colorless dorsoventral stripes; 
ventralward and cerebralward from is another mass. 
and still more cerebralward and dorsalward are two 
small deeply stained cellular masses, * £2” The mantle layer 
of the medulla oblongata is deeply stained. It contains a 
diamond-shaped mass, “8,” spinalward from the longi- 
tudinal striations mentioned in the previous section, and an 
unstained dorsal fibre bundle (DF). 

Section No. 96 is 1.05 mm. to the left of the middle line. 
and “C 
passes partly along the dorsal surface of “TL” and partly 


‘are still present. The ventral fibre bundle 
between “C™ and Just cerebralward from the pontal 
flexure, close to the floor of the ventricle, is “ MZ an oval 
mass of cells with a clear unstained area behind at its spinal 
end, and measuring 0.8 mm. in transverse diameter. The 
appearance of the mantle laver is the same as before. In its 
dorsal and cerebral part is seen an unstained dorsal fibre 
bundle. 

Embryo No. LXAXXVLI is 30 mm. long and has been cui 
into serial coronal sections. There is ventralward a definite 
imass which L have designated as the nucleus pentis ventralis; 


it is about 1 mm. long by 3 mm. wide. The raphe enters 


| Nos. 121-122-123. 


this nucleus in the middle line. Dorsal from its lateral part 
are several scattered masses which | have designated, tenta- 
tively, the nuclei pontis dorsales. The unstained ventral 
fibre bundle is dorsal from the nucleus pontis ventralis. 

Section No. 175 is spinalward from the masses mentioned, 
On the ventral surface medialward from the nervus acusticus 
(VA) is the cellemass “11. Followed through the series 
this cell-mass extends spinalward, dorsalward and lateralward 
to the ependymal epithelium of the fourth ventricle; cere! ral- 
ward, it is medial to the nervus trigeminus and continuous 
with the nucleus pontis. Taken in order from the raphe 
lateralward in the mantle layer are the nucleus olivaris supe- 
rior (SN) and the superior olivary complex (S), the ascending 
and descending parts of the root of the nervus facialis, the 
nucleus nervi facialis and the corpus restiforme (C72), 
On the floor of the fourth ventricle are the nucleus nervi 
abducentis (VNA) and the nucleus N. vestibuli (radicis de- 
scendentis), (/7RVD); further lateralward are the nuclei N. 
cochleew, namely the nucleus N. cochlew dorsalis (VRCD) 
and the nucleus N. cochlewe ventralis (VRCV). The un- 
stained area is the ventral fibre bundle (V7). 

Section No, 184 is 0.45 mm. cerebralward from the preced- 
ing section. In the mantle layer are seen in order the nucleus 
olivaris superior, (S), the nucleus nervi facialis (WN/"), and 
parts of the ascending and descending limbs of the nervus 
facialis. “IL” is on the ventral surface lateral from the 
nervus facialis. On the floor of the fourth ventricle is the 
nucleus N. vestibuli medialis et radicis descendentis (V.VV). 

Section No, 202 is 0.9 mm. cerebralward from section LS +t. 
The nucleus pontis ventralis reaches lateralward as far as 
the nervus trigeminus. In the middle line the raphe extends 
from the nucleus pontis to the ependymal epithelium. The 
nuclei pontis dorsales consist of several irregular masses, * A, 
“BO CY and “Ey” and a more ventral and lateral mass. 
“DP.” These nuclei extend through the pons for a distance 
of 0.5 mm. in the cerebrospinal diameter. Between these 
ventral and dorsal nuclei is the unstained ventral fibre bundle. 
Lateral from the nervus trigeminus are the nucleus nervus 
trigeminus ascendens and an unstained area. 

Embryo No. XLV is 28 mm. long, and has been cut in 
serial sections, which divide the pons in an oblique direction 
in the following way: Instead of corresponding to the trans- 
verse diameter of the pons the left side of each section is 
further spinalward than the right side of the same section. 
The ventrodorsal plane of the section is also oblique, so that 
in each section the left half of the dorsal surface is the more 
lateral, but in the right half of the pons the dorsal surface 
is more medial than the ventral. In other words, the first 
section removes a small portion of the pons about the cerebral 
ventral corner on the left side, and at the dorsal-spinal angle 
on the right side. 

The nucleus pontis, as seen in this series, is on the surface 
of the rhombencephalon and follows the curve of the pontal 
flexure so that it is crescentic in shape, with a ventral convex 
surface and cerebral and spinal ends or horns. Consequently, 
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Fic. 1.—Section through the pons of embryo LXXV, 50 mm. long, Fig. 2.—Section No. 91 of embryo LXXV, = 15 diameters. 
15 diameters. 
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Fig. 3.—Section No, 96 of embryo LXXV. Fig. 4.—Section No. 175 through the brain of embryo LXXXVI, 50 
mm. long, x 15 diameters. 
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Fig. 5.—Section No. through embryo LANAVI, 


1901. 


Fig, 7. —Section No. 156 through embrvo XLS 


Fig, 8.—Section 142 through embryo XLV. 
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202 through embryo LXAXXVI 
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Fie, %.—Section 145 through embryo XLV. 
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Fic. 10,—Section No. 92 through embryo XCYV. 


Fig. 11.—Section No. 100 through embryo XCV. 
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Section No, 108 through embryo XCV 
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the following sections may have a ventrocerebral, a ventral, a 
ventrospinal and a dorsal edge. 

The nucleus pontis ventralis is a solid mass of cells con- 
tinuous with the raphe. The nucleus pontis dorsalis is 
divided into right and left halves not continuous in the 
middle line. ‘The ventral fibre bundle passes between the 
ventral and dorsal nuclei except at their extreme lateral parts. 
where the cerebral ends of the two nuclei are united. 

Section No. 136 is 0.05 mm, to the right of the middle line. 
On the right side the nucleus pontis ventralis is separated 
from the raphe by the ventral fibre bundle and nucleus ex- 
tends across the middle line. On the left side the two ends 
of the nucleus pontis dorsalis are separated from the raphe 
by the ventral fibre bundle and mantle layer. On the ventro- 
spinal surface at the level of the nervus facialis is a deeply 
stained mass of cells, “ 1.” This mass is continuous oppo- 
site the nervus trigeminus with the nucleus pontis; spinal- 
ward, dorsalward and lateralward it extends to the ventricular 
epithelium of the medulla oblongata. In the medulla is a 
cell-mass, “TY” on the medial side of the corpus restiforme. 
and reaching from the fourth ventricle to the ventrospinat 
surface. Between “'T’” and the nucleus pontis dorsalis is a 
small round mass, “8,” a little more deeply stained than the 
rest of the mantle layer. 

Section No, 142 is 2.5 mm. to the left of the middle line 
and shows only the left side of the pons. Between the nuclei 
pontis is the ventral fibre bundle. The nucleus pontis dorsalis 
is in the mantle layer; in its spinal end is a small unstained 
space. On the ventrospinal surface is the mass “ 1.” Medial 
from the corpus restiforme is a round, deeply stained area 
“S$.” Near the fourth ventricle are several dark masses just 
like those in section 136, 

Section No. 145 is 0.4 mm. to the left of the middle line. 
The nuclei pontis ventralis and dorsalis are continuous at their 
cerebral ends. Between them is the ventral fibre bundle. 
Opposite the radix N. cochlew is “ H,” and median from it 
a cylindrical-shaped area. Between the cerebellum and the 
pons is an unstained area, the corpus restiforme. 

Embryo No. XCV is 46 mm. long and cut into serial 
sagittal sections. The nucleus pontis is a solid mass of cells 
on the ventral surface of the pons, which has inereased in 
size and measures 3 mm, in cerebrospinal, 4.6 mm. in trans- 
verse, and 0.5 mm, in ventrodorsal diameter. The ventral 
libre bundle divides into two masses, the larger passes dorsal 
fo the nucleus, the smaller through it. 

Section No, 92 is 0.2 mm. to the left of the middle line. 
The nucleus pontis is a solid mass of cells. Dorsal from it is 
a dark wedge-shaped area; its ventral surface reaches as far 
as the nucleus pontis and extends 0.4 mm. beyond the middle 
line on each side, the dorsal surface is continuous with the 
ependymal epithelium in the middle line and for a distance of 
0.3 mm. to the right. This area contains ventrodorsal mark- 
ings, and small masses of cells staining more deeply than the 
rest of the tissue of the wedge between them. On the floor 
of the fourth ventricle just cerebral from the pontal flexure 
are two dark round cell-masses, “* M,” which extend through 
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a few sections on either side of the middle line, but in the 
middle line are overlapped by the greatly thickened ependy- 
mal epithelium. On the ventral surface of the medulla 
oblongata is the ventral fibre bundle. Near the dorsal sur- 
face cerebral from the pontal flexure is the dorsal fibre 
bundle. ‘The mantle layer contains the curved longitudinal 
striation, and in the isthmus is more deeply stained than in 
the medulla, and also contains blood-spaces. Next the epen- 
dymal epithelium the mantle layer of the medulla presents 
a uniform appearance, and in the isthmus it contains several 
darker masses of cells. 

Section No. 100 is 0.6 mm. to the right of the middle line. 
The spinal portion of the nucleus pontis is divided into 
ventral and dorsal parts by a clear area, containing a few 
dark strands composed of cells. “ M™ is still present; be- 
tween it and the nucleus pontis are several small cell-masses. 
The ventral fibre bundle is on the surface of the medulla and 
next the dorsal side of the nucleus pontis. ‘The mantle laver 
contains the curved Jongitudinal striation and blood-spaces. 
Between the dorsal fibre bundle and the ependymal epithe- 
lium are numerous dark cell-masses, 

Section No, 106 is 1 mm. right of the middle line. The 
nucleus pontis is more unevenly stained. Its cerebral end is 
divided into ventral and dorsal parts by an unstained area, 
which is continuous with the ventral fibre bundle. The fibre 
bundle extends the entire length of this section. It is now 
seen that this fibre bundle has an oblique direction through 
the cerebrolateral and spinomedial portion of the rhomben- 
cephalon. The appearance of the mantle layer is the same as 
in the preceding section; between the nucleus pontis and the 
nucleus olivaris a few of the curved striations are more deeply 
stained than the rest,“ 

Section No. 108 is 1.4 mm. to the left of the middle line. 
The nucleus pontis is a smaller mass, unevenly stained owing 
to the presence of large numbers of white spots (nerve-fibres), 
Dorsal from it is the ventral fibre bundle. The mantle layer 
appears as before but the mass * M ~ is not present. Between 
the nucleus pontis and the nucleus olivaris are a few small 
cell-masses, and several more are scattered throughout the 
mantle layer of the isthmus. 

Embryo No, XCVI is 48 min. long and cut into serial sagit- 
tal sections. The nucleus pontis has increased in the ventro- 
dorsal diameter. The appearance of this specimen is almcst 
identical with that of No. XCV, and is only of interest 
because it corroborates what was found there. So T have 
not thought it necessary to add illustrations. Just spinal 
from the nervus trigeminus the nucleus pontis is continuous 
with a mass of cells which reaches to the ependymal epithe- 
lium of the fourth ventricle. The ventral fibre bundle passes 
partly along the dorsal surface of the nucleus pontis and 
partly through it. Among the latter fibres are a few scattered 
strands of cells resembling more the appearance of the pons 
at later stage. The wedged-shaped area and the cell-mass 
appear as before. 

The histological structure of these specimens is as follows: 
The ependymal epithelium contains large, dark, densely 
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packed, round and oval cells. The mantle layer in the earlier 
stages consists of round cells and a few oval cells. In embryo 
No. LXXV an unstained fibrous network is seen and the 
round cells are scattered through it, which in No. LAXXVI 
and No. XLV are more closely packed together. In the 
older specimens neuroblasts of the mantle layer point in vari- 
ous directions, a good many of them direct their axones ven- 
tralward, and many round cells are still seen. Most of the 
neuroblasts are now arranged in definite groups; between them 
is an unstained fibrous network which contains spongioblasts. 
Both the nucleus pontis and the mass * M” are composed 
of round cells in all the sections. The mass * TH” consists 
of round cells, resembling in size and staining reaction those 
of the ependymal epithelium, The raphe appears in two 
specimens; it consists of fibres which interlace across the 
middle line, round cells, and in the frontal sections a few 
oval cells with their jong axis transversely directed. In 
sagittal sections the raphe is not seen; its fibres, if present, 


would be cut in cross-sections, 


SUMMARY. 


The main nucleus pontis is situated on the ventral surface 
of the rhombencephalon at the level of the pontal flexure. 
In the specimens the nuclei pontis are first seen on the surface 
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and in the ventral part of the mantle layer of the lateral part 
of the pons Varolii. Ventral to all, in this early stage, except 
the mass of cells “ H,” is the ventral fibre bundle. In the 
second embryo the nucleus pontis ventralis extends across 
the middle line of the rhombencephalon and the nuclei pontis 
dorsales are separated from its lateral part by the ventral 
fibre bundle. The nuclei pontis dorsales next form two solid 
masses, reaching almost to the middle line. They are still 
separated by the ventral fibre bundle from the nucleus pontis 
ventralis, except at the extreme lateral ends, where they are 
continuous with each other. Next the nucleus pontis be- 
comes a solid shell on the ventral surface cut by a small 
branch from the ventral fibre bundle. After the sixth month 
the pons consists mainly of fibres and scattered groups of cells 
which increase at the expense of the dorsal part of the nucleus, 
while a narrow ventral nucleus or cell-mass is left on the 
surface. 

The neuroblasts of the pons are continuous with the epithe- 
lium of the floor of the fourth ventricle: 

(1) By the cell-mass “ 1H” at the lateral end of the nucleus 
pontis. 

(2) By the round cells in the raphe. 

(3) In the middle line by the neuroblast in the wedge. 
which connects both the ependymal epithelium and the cell- 
mass with the nucleus pontis. 


TILE ARCHITECTURE OF THE GALL-BLADDER. 


By Mervin T. SupterR, Pu. D., M. D., 


Instructor in Anatomy, Johns Hopkins University. 


During the past few years the development of the surgery 
of the gall-bladder and ducts has increased the interest in 
their finer anatomy, and various investigations have been 
undertaken in order to add to our knowledge in regard to 
their structure. The lymphatics and finer blood-supply, how- 
ever, do not seem to have had the same attention as the mus- 
culature and nerve supply; and so this paper deals more with 
this part of its structure and its histology than those which 
have been carefully considered in other papers. 

The results mentioned here were obtained for the most 
part by the use of the gall-bladders of dogs and pigs. They 
were used because of their suitability and the ease with 
which they could be obtained. A limited number from cats 
and beeves were used also. The results thus obtained from 
fresh material were verified or refuted upon human gall- 
bladders as far as the limited supply and general bad condi- 
tion of them allowed. Within a few hours after death the 
bile stains and macerates the tissues so that they are quite 
changed. ‘The mucous membrane disappears entirely in from 
five to six hours after death; the nuclei and tissues under it 
refuse to stain, and it is impossible to obtain satisfactory 
results from any but the freshest material. For the histology 
small pieces hardened, distended and contracted in saturated 


corrosive sublimate solution yielded material that stained well 
and gave good pictures. For the connective-tissue elements 
the most striking picture was obtained by the use of Van 
Gieson’s acid fuchsin and picric acid, but Weigert’s elastic 
fibre stain furnished the most accurate and delicate picture. 
Kor the blood-vessels ordinary carmine gelatin mass and 
lamp-black or cinnabar gelatin mass were all that were neces- 
sary. For the lymphatics a saturated aqueous solution of 
Prussian-blue proved to be the best, notwithstanding a careful 
trial of a number of more complicated and presumably better 
masses. 

The thickness of the wall of the gall-bladder varies aceord- 
ing to its state of distention. In an adult human subject it 
is from } mm. thick in a state of distention to 2 min. in a 
state of contraction, The distended gall-bladder of a new- 
born infant is nearly } mm. thick. In the pig it may be from 
} to 3 mm. thick, and in a dog of medium size from § mm. 
to 1§ mm. thick. The wall of the gall-bladder is made up 
of the following coats: 1. mucous; 2. fibro-muscular; 3. sub- 
serous and on the free part covered by peritoneum; +. serous. 
The relative thickness of these coats can be seen in Fig. 6, 
which shows the gall-bladder of the dog contracted. The 
relations are essentially the same in man as in the dog. 
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The mucous layer is thrown into a series of folds from | 


to 4 mm. high in man. These folds of mucous membrane 
cover corresponding ridges of connective tissue of the fibro- 
muscular layer and contain an exceptionally rich capil- 
lary network. The irregular spaces surrounded by these folds 
are much larger at the fundus than at the duodenal end 
of the gall-bladder. In man the measurements in the dis- 
tended gall-bladder are 3 mm. & 5 mm. in the fundus and 
X mm. or smaller near the beginning of the cystic 
duct. In the erypts formed by the folds solitary lymph folli- 
cles are found. These are more numerous in the dog than 
in the pig, and in this regard there seems to be a great deal of 
individual variation. The mucous layer is composed of sim- 
ple columnar epithelium, which rests upon an incomplete 
muscularis mucosa. In the dog these cells are from 25-42 4 
thick. These cells seem to secrete a thick mucous material 
but no goblet cells are present. R. Virchow (1), in an article 
published in 1857, finds fine fat-drops in the ends of these 
cells of the gall-bladder and ducts during or just after the 
absorption of chyle. These droplets gradually became larger 
and worked toward the base of the cell. He thought this 
fat had been lost from the liver in the secretion of the bile 
and was again picked up by these cells. Nothing was seen 
in my preparations to suggest this. Granules were often seen 
in the outer end or near the base of the cells, but these gave 
no reactions for fat. 
were the tubular glands. 


Belonging also to the mucous layer 
These were beautifully shown in 
specimens stained in gold chloride. There are few of them 
in the dog, but in the pig, and especially in the ox, they are 
quite numerous. 

The fibro-muscular coat is composed of smooth muscle 
fibres and interlacing bands of connective tissue. The direc- 
tion and arrangement of these fibres has been very carefully 
studied by Hendrickson (2). He concluded that in the gall- 
bladder there are no definite layers and that the bundles of 
fibres interlace in all directions with the greatest number 
tending toward a transverse direction. According to Doyon 
(3), the musele fibres arrange themselves in two methods in 
1. A network with rather rounded meshes. 
This fact has 


different animals: 
This arrangement is found in the guinea-pig. 
heen corroborated hy Ranvier. 2. The 
orm a number of principal 
This is found 


muscle fibres are 
arranged into bundles which 
directions more or less plainly .narked out. 
in the dog and cat, and means about the same as the descrip- 
Hendrickson. My preparations and sections lead 
me to agree with Hendrickson, with the possible exception 
that near the fundus in the dog there is an outer and rather 
The part of this 


tion of 


definite longitudinal ayer. See Fig. 6. 
layer near the mucous membrane is composed almost entirely 
of connective tissue with only a few muscle fibres scattered 
through it, the part directly under the epithelium forming a 
mucosa which, however, shades off gradually and is not 
sharply separated from the underlying tissue. It is in this 
region that the thickest plexus of capillaries and intrinsic 
lymph channels exists. The solitary lymph follicles, to which 
found also here just 


reference has already been made, are 
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under the mucous membrane. Toward the subserous layer, 


on the contrary, the muscle fibres are collected into well 
developed bundles (especially so in the pig and ox) and the 
connective tissue is correspondingly less. Elastic tissue oc- 
curs even here, however, varying in form from fine threads 
to coarse bands. It is especially abundant in the neighbor- 


hood of the blood-vessels. See Fig. 6. Unstriped muscle 
also exists in the larger gall-ducts, and at the point where the 
ductus communis joins the ductus pancreaticus it becomes 
This Hen- 
drickson in man, the dog and the rabbit, and also by Helly 
(4) in man, and Oddi (5) in man. 


contains the larger blood-vessels, which divide into branches 


modified into a sphincter, has been found by 


The fibro-muscular layer 
and thus supply the other layers. See Figs. 2 and 6. 

The subserous layer is composed of dense interwoven elastic 
tissue bands which contain comparatively few nuclei, and 
therefore few connective-tissue elements. These bands form 
an irregular mesh-work which is denser on the side toward 
the serous layer. This layer is poorly supplied with blood- 
vessels, although there is a well developed set of lymph chan- 
nels which communicate with the large superficial vessels 
coming from the liver. By pulling the gall-bladder apart it is 
possible to divide it into two lavers: the separation oceurring 
at the junction of the subserous and fibro-muscular layers. 
By separating injected tissues in this manner a very pretty 
picture of the circulation in each part can be obtained distinet 
from the other. 

The serous layer is present only on the part covered by 
peritoneum, 7. e. the fundus, the inferior surface of the gall- 
bladder and the outer surface of the gall-ducts. It is com- 
posed of simple flat endothelial cells from 4-6 ” thick and 
adds but little strength to the organ. The larger lymphatic 
vessels from the liver and deeper layers of the gall-bladder 
run between it and the subserous layer. 

Brewer (6) has described in a very careful manner the way 
the cystic artery reaches the gall-bladder in man and the 

He found that in 50 
subjects only 3 corresponded to the type described in text- 


variations one would find ordinarily. 


It is possible to judge from this of the 
The 


largest artery after it has reached the gall-bladder is usually 
5 


hooks of anatomy. 
great amount of variation existing in its blood-supply. 


found, however, on its inferior surface and on the side toward 
the middle line of the body. There also may be a smaller 
branch on the side away from the middle line. This is cov- 
ered at first by peritoneum and then penetrates the outer 
part of the fibro-muscular layer and gives off the branches 
which supply the viseus. Most of the larger vessels are in 
the fibro-muscular layer near the dividing line between it and 
the subserous layer. See Fig. 6. If the needle of a hypo- 
dermic syringe be introduced into one of the smaller arterics 
and the mucous surface be watched while the fluid is slowly 
injected the arterioles and capillaries can be seen to be filled 
in areas about 24 mm. in diameter at a time from a single 
centrally placed artery. The capillaries under the mucous 
membrane are very numerous and in the folds the capillary 
The blood from 


network is especially thick. See Fig. 2. 
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these is collected into the veins and returned to the larger 
and deeper lying ones accompanying the arteries. 

The subserous layer has a comparatively poor blood-supply. 
The arteries are small and the capillaries widely separated. 
Some of the capillaries run out between this layer and the 
serous layer, and thus provide for the nourishment of the 
peritoneal covering. Some veins of considerable size are also 
On the surface of the gall-bladder in 
with the 


found in this layer. 
contact with the liver the 
branches of the portal vein and the arteries in’ part come 


veins communicate 


from the hepatic artery. 

The large lymphatie vessels running over the gall-bladder 
bring lymph from the liver and the coats of the gall-bladder. 
They follow the inner side of the eystie duct and end in 
mesenterie lymph glands in the dog. In the pig and in man 
we have either one or two systems of the large lymph vessels. 
In almost all cases beth are represented but the territory may 
not be equally large and there is wide variation in’ their 
method of distribution. In cross-section these vessels are 
always flattened although the degree of flattening varies with 
the completeness of the injection, Sappey (7) figures a mass 
of them running over the gall-bladder in a manner somewhat 
resembling Fig. 4, but he only mentions the fact that they 
bring in the lymph from the liver and deeper layers of the 
gall-bladder. In my preparations they run down eventually 
on the inner side of the gall-bladder but there is usually a 
large vessel coming from the same side, but with the exception 
Plate 2, Fig. 4, which was 


> 


of one specimen figured in 
helieved to be pathological, are not as numerous as shown by 
Sappey. 

In the subserous layer there is a network of lymph channels 
This 
network is very irregular and the lymph channels vary mark- 
The picture of these lymphatics 


which empty into these larger vessels. See Fig. 7. 


edly in size and shape. 
which seemed most normal was obtained by injecting carmine 
gelatin into the portal vein at a pressure of 80 mm. of mer- 
cury for fifteen minutes. This injects the lymphatics of the 
liver and in turn the larger ones over the gall-bladder, and 
finally these in the subserous coat in a more or less complete 
manner, but without any tearing or stretching of the vessels. 
In Fig. 2 they are represented as though the greater part 
lie simply on top of the subserous layer, while, as a matter 
of fact, they are scattered through it rather evenly. 

The submucous sets of lymphatics are in the connective 
tissue just under the mucous membrane. Tlowever, they 
rarely run up into the connective-tissue folds but are at their 
The net- 


work is almost entirely absent in the denser muscular part. 


lowest part or more frequently just at their base. 


These were best seen by injecting aqueous Prussian-blue 
slowly under the mucous membrane and the injected portion 
was afterwards fixed and studied. In some cleared specimens 
the lymphatic vessels could be seen running up and joining 
the more superficial lymphatics of the subserous layer or 
directly one of the large superficial vessels as shown in 
Fig. 1. 


a | reat ly been descr! bed. 


The lymphatic tissue belonging to this layer has 


[Nos. 121-122-123, 


The nerve supply of the gall-bladder has been studied by 
The nerve 


supply is derived from two sources, viz., 1. the sympathetic 


Dogiel (8) and Huber (9) within recent years. 


system of ganglia and fibres connecting them, and 2. medul- 
lated fibres accompanying the large arteries. In regard to 
the distribution of the sympathetic fibres Huber suggests 
from the condition prevailing in other viscera that they supply 
the blood-vessels and smooth muscle of the coat. Doyon 
thinks these are unable to act without receiving stimuli in- 
directly from the great splanchnic nerve. Dogiel has figured 
in a beautiful manner the kinds of cells found in the sympa- 
thetic ganglia and concludes that all the varieties found in 
the walls of the intestines occur here also. Quite a number 
of medullated fibres are also found near the large arteries. 
Both Tuber and Dogiel have noted them. The former sug- 
gests that they are sensory fibres and are distributed to the 
mucous membrane. Their termination, however, has not 


yet been settled by direct observation. 
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DESCRIPTION OF PLATES XXV-XXVI. 
Fie, 1.—The gall-bladder of a pig; natural size. The lymphatics 
were injected by placing the needle just under the peritoneal covering 
of the liver near the edge of the gall-bladder at LV). The blurred mass in 


the centre represents the injection mass showing through and the 
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lymphatic vessel coming up from the deeper layer to join the large 
supe ilone. A Needle of syringe. 

Fi 3 Reconstruction of the wall of the partially contracted gall- 
bladder of a dog, maguified 60 times, showing the blood-vessels on the 
right and the lymphatie vessels on the left. Lymph follicles are shown 
on the right as two rounded eminences just under the epithelium. The 
vena comites shown is quite characteristic for the larger arteries. The 
larve lymphatic vessel is shown partially collapsed. 

Fig. 3.—Gall-bladder of adult man, showing superticial lymphaties. 

natural size. 

Fig. 4.—Gall-bladder of man 19 years old, dead of chronic nephritis, 
showing the large superticial lymphatics. This gall-bladder gave 
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evidence of having been through an inflammatory process, and so the 
lymphatics are probably abnormally numerous. 

Fie, 5.—Gall-bladder of dog, showing the superticial lymphatic ves- 
Natural size. 
Section through the contracted gall-bladder of a dog, magnitied 


sels. 

Fia, 6. 
80 times, showing the arrangement into coats and the relations of the 
blood-vessels, 

Fic. 7.—The lymphatics of the subserous layer of adog. (Camera 
drawing.) 

Fia, 8.- 
their relation to the folds on its surface. 
narrower and less complicated than in the specimen in order not to hide 
(Outlines made with the aid of a camera.) 


-The lymphatics of the fibro-muscular layer of a dog, showing 
These folds are represented 


the lymphatics. 


REMARKABLE CASES OF HEREDITARY ANCHYLOSES, OR ABSENCE OF VARIOUS PHALAN- 
GEAL JOINTS, WITH DEFECTS OF THE LITTLE AND RING FINGERS. 


By 


George Watker, M. D., 


Instructor in Surgery, Johns lMopkins Universily.- 


Accounts of diverse abnormalities of the arms, forearms. 
hands, and feet, are to be found in literature from the re- 
motest medical history, and not a few books and monographs 
on these various defects have appeared from time to time. 
Most of these reports comprise instances of polydactylism of 
various degrees; abnormal shapes of the metacarpal and 
phalangeal bones; absence of the phalanges and carpal bones; 
increase in the number of the phalanges; absence of fingers; 
the 
shapes and lengths of the radius and ulna; lateral union of 


absence of bones in the arm and forearm; abnormal 
the phalanges; union of the fingers by the soft parts, ete. 

Two cases have recently come to my knowledge which have 
sufficient bearing on the ones herein reported to warrant a 
short synopsis of them in this paper. 

The first was that of a child in which there was a lateral 
fusion of the first and second metacarpal bones of both feet. 
This was not supposed to be hereditary until the grand- 
mother, upon examining her own foot, to show where the 
defect had oceurred in the child, found her own bones in 
exactly the same condition. Although she was seventy years 
old, she had never previously noticed it. 

The second case was that of a young girl whom I examined, 
There was a partial stiffening in the metacarpo-phalangeal 
articulation of the thumb; this was ligamentous, and not 
hony, and permitted a certain amount of motion, probably 
one-half that of normal. This defect had occurred 
in one of her brothers, one uncle, her father and her grand- 
father. All of them were afflicted in the same joint, and 


about 


lad about the same amount of motion. 

The cases which I herewith report show cither a complete 
hony anchylosis or an absence of various joints between the 
phalanges, together with an absence of one or more bones 
of the little and ring fingers. As will be seen in the family 
tree, it has oceurred in five generations. I have examined 
the cases so far as possible, and have made Roentgen photo- 
graphs from four of them, thus representing two generations. 

Thomas B. applied to the dispensary of the Johns Hopkins 


Ilospital for the treatment of leg ulcer. He was fifty-two 
years of age, well nourished and apparently well developed 
and healthy. On found the 


thumb and index finger normal; in the ring and middle 


examination of his hands I 
fingers nothing could be seen on inspection in the extended 
hand, contrary to the usual type, but on palpation there was 
found an entire bony anchylosis of the second metacarpal 
joints of above fingers; the bony enlargements corresponding 
to the heads of the bones were present, and in the middle 
finger a distinct suleus could be felt on the thumb side; other 
than this the enlargement was regular and smooth. The 
terminal joints were negative. The little finger presented 
only two phalanges, there being, however, near the end of the 
first phalanx, a slight enlargement which possibly corre- 
The thumb was 7 em. in length; first 
The index finger, 


sponded to a joint. 
phalanx, + em.; and second phalanx, 3 em, 
84 cm.; first phalanx, 3} cm.; second, 3 cm.; third, 2} em. 
Middle finger, 9} em.; first and second together, 7$ em.; 
third, 13 em. The first from basal joint to middle of enlarge- 
ment, 4 em.; the second, from middle of enlargement to distal 
Ring finger, 9 em.; first and second phalanges, 
Little finger, 6 em.; first phalanx, 5$ 


joint, 385 em. 
em.; third, 2} cm. 
cm.; second, 24 cm. The left hand presented nearly the 
same appearance, and on careful palpation and measurement 
the only difference found was that in the little finger, first 
phalanx, there was a slight bowing, making a palmar concavity 
toward the end. This was due, according to the statement 
of the patient; to an old fracture. 
site, as is shown in Roentgen Photograph No. 1, is very much 


The enlargement at this 


greater than in the other hand, and suggests that it had 
probably been caused by trauma; in the other finger the 
enlargement can be seen, but to a much less degree, thus 
making it doubtful whether there is an obliterated joint, or 
The metacarpals were 


The 


the absence of the middle phalanx. 
of normal length and their articulations were negative. 


The feet presented nothing abnormal, 
The other parts of 


carpus was negative. 
except a slight giving way of the arch, 
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the osseous system were well developed and did not differ 
from the usual types. The patient stated that the deformity 
gave him very little inconvenience, and did not interfere 
with his work. Both the above hands are shown in Roentgen 
Photograph No. 1. 

On being questioned in regard to his family history, he said 
that his father, grandfather and great-grandfather were simi- 
larly affected. The middle joints of all his father’s fingers 
were stiff; the defect in the grandfather and great-grand- 
father was known to have existed, but the exact nature could 
not be determined. Tle had three uncles and one aunt: two 
of the uncles he thought were affected, but was not certain: 
the other uncle and aunt were free. In his immediate family 
there were four brothers and one sister. One brother and 
the sister had negative hands: the other three brothers 
presented the family trait. He had four children, all of 
Whom were free. — [is younger brother had had three chil- 
dren, two dead and one living, none of whom were alfected. 
His elder brother had eleven children: four of them, two 
hovs and two girls, had the defect. [have visited and exam- 
ined the two brothers and their families, and [ give in the 
following ¢ report of said examination. 

Henry B.. the younger brother of the above described, is 
a gardener, tS years old: a strong, well built, healthy man; 
live feet eight inches height and weighs 148 pounds. 
Both hands are affected. Right thumb, negative: length, 
first phalanx, # em.; second phalanx, 3 em. Index 
linger, length, 6% cm.; first and second, 5 third, 1} 
cm.; the first joint is normal, second is stiff, distinet bony 
enlargement at site of joint, slight) suleus on thumb: side. 
Middle finger, 95 cm.; first and second phalanges, 7$ 
third, 2 em.: first from basal joint to middle of enlargement, 
bl om.: first joint is negative, the second is still with rounded, 
smooth, bony enlargement; no sulci. Ring finger, 
first and second, 6$ cm.: third, 2 em.: first joint is negative. 


second anchylosed, bony enlargement tet so marked. Little 


finger, 54 em.; first and second, 3} em.; third, 1} em.; the 
first joint completely stiff, second negative, metacarpal bones 
and carpus negative. Other hand presented same appearance 
and nearly the same measurement. Feet and remainder of 
hones in the body did not differ from normal, 


William B., 


58 vears of age, 5 feet TL inches in height, weighed 172 


elder brother, very strong, hale, robust man, 


pounds. Both hands affected, as shown in Roentgen Photo- 


graph No, 2. 
joints in little finger stiff. 


Middle joint, ring and middle finger and both 
Thumb and index finger normal. 


remainder show absence of middle joints. Length of thumb, 


7 cm.; first phalanx, 44 second phalanx, 24 em. Index, 


cm.: first phalanx, 34 em.; second, 3 em.: and third, 14 em. 


Joints all negative. Middle finger, 94 em.: first and second 


phalanges, cm., third, The first joint completely 


anchylosed, distinct thickening at joint site, with small de- 


pression, Ring finger, 9 cm.: first and second, 7 cm.: third, 


2 om.: first joint site presents usual bony enlargement, but 
no joint was present: second joint negative. Little finger, 


5$ cm.: slight palmar concavity, complete anchylosis of both 


[Nos. 121-122-193, 


joints: 1§ cm. from the end there is a slight enlargement 
with furrow in middle at joint site, but no motion: the first 
joint is also completely immobile. The metacarpals are nor- 
mal in length, size and articulation; the carpus is negative. 
The left hand does not differ in essential characteristics from 


the one described. The feet presented no abnormality. 


The patient stated that he had worked at the same bench 
with two men for fifteen years, and they had never noticed 
the defect. He had eleven children in his family, four of 
whom were affected; the others had perfect hands. 

I have seen most of the children of the above described, 
and the following is the condition of the four who are affected. 

Sallie B.. aged seventeen, rather poorly developed, tall and 
slim, height five feet six inches, weight 115 pounds, both 
hands affected, as shown in Roentgen Photograph No. 3. 
Thumb and index, free: right hand, thumb, 6 c¢m.; first 


phalanx, 35 ¢m.; second phalanx, 25 ¢m.; joint normal. 


Index finger, 7 cm.; first phalanx, 3 em.; second, 2} em.; 
third, 1% em.; both joints negative. Middle finger, 


first and second, 64 cm.; third, 2 cm.; complete anchylosis 
first joint, second joint is negative. Ring finger is repre- 
sented only by the first phalanx, which is 4 cm. in length, 
The distal end is slightly enlarged, and tapers towards middle 
finger. The little finger is represented also by only first 
It presents same shape of enlarge- 


The left hand is the same 


phalanx, 34 cm. in length. 
ment at distal end as ring finger. 
as right, except that the middle joint of the index finger is 
anchylosed. In these hands, notably in the left one, there 
is a distinct crowding together of the metacarpals, being most 
marked in the fifth, which, as shown in the photograph, 
decidedly overlaps the fourth. The carpi are negative; the 
remainder of bones apparently normal. The feet were not 
examined, but according to the statement of the patient they 
presented no abnormalities. 

Carrie B.. aged fifteen, rather strong and robust, weight 
one hundred and seventeen, five feet four inches in height. 
I was unable to procure a photograph of this hand on account 
of the unwillingness of the patient. Both hands are affected, 
and very similar to those of her sister, as above described. 
Right hand, thumb and index finger, normal. Ring and little 
fingers of both hands, as in the case of her sister, present only 
one phalanx, that of the ring finger is 4 cm. in length, and 
that of the little, 3 em.; the distal ends are slightly enlarged, 
and according to palpation are like her sister’s. In the other 
hand the index finger is anchylosed at the middle joint, and 
the middle finger presents a striking peculiarity in that the 
anchylosis is in the second joint, the first being free, 

Henry B., a picture of whose hand I was unable to obtain, 
but upon examination found the following conditions: 

Not very robust, tall and slim, age fifteen; height five feet 
six inches, weight one hundred and twenty pounds, both hands 
affected. Index and thumb in both negative, remainder 
affected. Thumb, right, em.; first phalanx, 3 em.; second 
phalanx, 24 em.; joint negative. Index, 74 cm.; first phalans, 


24 cm.; third, 2 cm.; phalanges normal in size, 


Middle finger, 8$ em.; first and second 


3 cem.: second, 


and joints negative. 
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phalan es, Gf om.; third, 24 em.; first joint is stiff with dis- 
tinet bony enlargement, and slight depression between heads 
of bones: second joint is negative. Ring finger, 8 cm.; first 


and second, 6 em.; third, 2 em.; first joint is anchylosed, 
Little finger, 55 em.; first phalanx, 4 em... 


second s negat ive. 


s absent; the third, 1 cm. There seems to be an 


middle 


entire absence of the second phalanx; the first is normal and 
presents no enlargement which might correspond to a joint. 
The left hand differs in one particular from the above de- 
scribed, in that the terminal phalanx of the little finger is 


turned inward toward the ring finger, and forms an angle of 


135 degrees with the second phalanx. The metacarpals and 


carpi are negative. The remainder of the bones present no 
defects. 
George B., aged seventeen, height five feet six inches, 


weight one hundred and fifteen pounds, rather poorly de- 
veloped, slightly anemic. Both hands shown in Roentgen 
Photograph No. 4. Right hand, thumb, 6 em.; first phalany, 
second, 24 cm., joint, normal. Index finger, 7 em.; 

third, 2} em.; first joint site shows 
normal enlargement, but is stiff; second is negative. Middle 
finger, 8 em.; first and second, 6 em.; third, 2 cm.; first joint 


Ring finger, 74 


first and second, 


completely anchylosed; second, negative. 
em.; first and second, 5§$ em.; third, 2 cm.; first joint sti; 


second, negative. Very slight enlargement at first joint site. 


Little finger, 5 em.; first, 34 em.; second, absent; third, 1} em. 
Joint is negative; first phalanx is normal in length and shape. 
there being no enlargement nor anything to suggest an anchy- 
The other 


losed joint. Metacarpals and carpi negative. 


hand presented the same appearance. The remainder of the 
hoddy negative. 

In perusing the literature bearing on these subjects, T have 
found only a few similar cases reported, none of them being 
so marked as mine, and only one was hereditary. 

Klausner, in a rather exhaustive monograph on various 
deformities of the arm and hand, reports a case in which the 
anchylosis was present in the second phalangeal joint of the 
index finger; the hand was very much deformed otherwise, 
and the fingers partly webbed. There was no hereditary 
history, nor were any other members of the family so affected. 

Wolf, very recently, has put on record an anchylosis of the 
second phalangeal joint-of the little finger. In this case the 
middle phalanx was very much shortened and was joined to 
the first by a bony union at an angle of about 145 degrees. 
The terminal phalanx was apparently normal. This anchy- 
losis had ocevrred in four generations, and was present in 
eight instances. Some of them were inherited from the father 
and others from the mother, The same joint of the same finger 
was affected in every case; the remainder of the hand 
was normal; there is no record of any other defects in the 
body; the condition of the pectoral muscles is not mentioned. 
The fingers in the cases of both Klausner and Wolf are shown 
by Roentgen photographs. 

R. Stintzing reports a case of a very much deformed hand 
in which there was an almost complete anchylosis in the 


second joint and partial in the first. In this case the fingers 
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were webbed; a diniinution in the length of several of the 
middle phalanges and a defect in the right pectoralis major 
muscle, 

J. Sklovowski relates an instance of a defect of the sternum. 
pectoralis major and minor muscles, and a portion of the 
hack muscles, together with an absence of the second phalanx 
in the second and third fingers: a shortening of the other 
phalanges, and a limitation of movement in nearly all of the 
phalangeal joints, with a complete anchylosis of both joints 
in the fourth finger. 

Hoffman describes a deformity occurring in a man 48 
years of age, in which there was a stiffening in one or more 
phalangeal joints, and a shortening of the middle phalanx 
of the middle finger. In the index finger the middle phalanx 
was small and completely fused with the third) phalany. 
There was also webbing of the fingers, associated with muscu- 
lar defects in the chest and back muscles. 

Fuerst. gives an accurate account of a hand which was 
examined after death by a very careful dissection. In: this 
hand there was great shortening and malformation of the 
middle phalanx of the middle and ring fingers. There was 
no anchylosis in any. In all of the above cases, with the 
exception of the last, the observations have been made on 
the living subject, and usually by palpation alone. 

With the exception of the two girls in the present genera- 
herewith none of the 


tion of the which I 


females have heretofore been affected, and in them appeared 


cases report, 
the only instances in which the terminal phalanges were 
absent. There is another striking difference in one of them. 
as is shown in the Roentgen Photograph No. 2, in the partial 
overlapping of the fifth metacarpal bone, which suggesis the 
possibility that continued transmission might produce a 
fusion, or an absence of one of these bones. 

From the above it will be seen that the defects have existed 
in five generations, and have been confined entirely to the 
hands, the remaining osseous system presenting no peculiar- 
ities, Except in the present generation the hands have been 
otherwise normal. The first departure from this was in the 
case of the hoy, Roentgen Photograph No. 4, where there is an 
absence of the middle phalanx of the little finger; while in 
hoth of the girls, as is shown in one by the Roentgen Photo- 
graph No. 3, the end and the middle phalanges of the middle 
and ring fingers are absent. There is also a partial oblitera- 
tion of the distal enlargement of the remaining phalanges. 

By a study of the photographs, one can see that there is 
n 


undoubtedly a bony union and not a fibrous anchylosis 
the joint sites. The enlargements corresponding to the heads 
of the bones are plainly to be seen and felt, but the joints are 
absolutely unformed. In a number, small sulci could be pal- 
pated, corresponding to the normal depression between the 
heads of the bones. The photographs also show that there is 
a certain porosity at the joint sites, which seems to be mere 
than normal. 

The question arises whether these are cases of entire ab- 
sence of the joints, or of early anchylosis. The two phalanges 


are about the normal length, and there is a distinct enlarge- 
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ment corresponding to the metacarpal heads, with small sulei 
between some of them, but other than this there is no evi- 
dence whatever of an attempted joint formation. In view 
of the fact of a complete bony union, it appears best to con- 


sider them as cases of an absence of the joint rather than of 


an anchylosis. It has been suggested that probably the an- 
chylosis may have occurred after birth as the result of some 
disease; but according to the statements of the mothers of 
these various children, it was a congenital defect. A careful 
examination of the other bones failed to show any abnormal 
conditions or diseases, and the history of lues was not present. 

The examination of the arm shows a fairly good muscular 
development, and so far as could be made out there was no 
atrophy of the flexor sublimis digitorum. The muscles of 
the hand were also well developed and the thenar and the 
hypothenar eminences were apparently normal. There was 
an exception to this in the hand of the girls, where there was 
found a rather poor development of the hand muscles, which 
was most notably marked at the hypothenar eminence. 

The palmar folds in the hand were normal, but in the skin 
over the anchylosed joints they had become nearly smoothed 
out; the two normal creasings being scarcely discernible. 

The epiphyses were all joined: which was unfortunate as 
otherwise some light might have been thrown on the bony 
development. 

In nearly all of the reported cases there have been defects 
in the back and breast muscles: the most striking examples 
of which were found in the pectoral region, The cases which 
| herewith report presented no such abnormality, and showed 
upon examination a completely developed condition of the 
muscles of the arm, shoulder and back. In all the instances 
the feet were negative. 

These cases are in striking contrast to the generally ae- 
cepted opinion that deformities of the hands and feet are 
transmitted by the mother, for in each of those in this 
series it came through the father, the mothers having all 
been normal. It is most interesting to note that in each 
veneration only one male member has transmitted the de- 
formity to his offspring. 

The occupations of the individuals were very little inter- 
fered with: the only inability complained of was that of 
being unable to grasp small articles with the whole hand. 
The deformity, except in the cases of the two girls, was not 
at all striking, and unless one carefully inspeeted the hands 
it would be overlooked, and even in shaking hands it was not 
noticeable. 

SHORTENING OF THE PHALANGES. 

In IV Cases, as well as in most of the above-reported ones. 
there has been a decided shortening of one or more of the 
phalanges. It has been in nearly every instance most strik- 
ingly observed in the middle phalanx with a certain predilec- 
tion for the little finger. 

In discussing such cases, Fuerst states that in nearly all 
of these defects the shortening is seen in the middle phalanx, 
and he ascribes it to the fact that in embryvologic develop- 


ment the middle phalanx is the last to become bony. This 
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occurs When the embryo is about 8 centimeters in’ leneth 
and he thinks that at this period the deformity commences, 
From observations of his case, and a study of certain ot! CTs, 
he concludes that the shortening and anchylosis are stages in 
fusion of the first and second bones. The shortening repre- 
sents the first stage: the anchylosis the second stage, and the 
whole phalanx the third stage. 

This theory does not seem to be based Upon sufficient olser- 
vation, nor is there enough evidence in the studied cases to 


justify any such assumption. 


In my cases, as is shown in the photographs, there is no 
shortening at all in the phalanges of the second and third 


fingers, although a complete anchiylosis exists: this would 
stand directly against the theory which Fuerst has advanced, 
In the little finger, however, there is some evidence for the 
hypothesis, for in the second generation there is present a 
diminution in the phalanx, then an anchylosis, and finally, 
in the ease of the boy, the joint has entirely disappeared. 
and there remain only two normal phalanges. 

A very distinct and decidedly unique type, so far as the 
above-mentioned cases are concerned, is to be seen in the 
hand of the girl; for in this case the end and middle phalanges 
have entirely disappeared, and have left the first) phalanx 
only partially developed. The diminution and absence of 
the end phalanx were not noted in the other reported cases, 
and can not be explained on the ground of the late bony 
development. 

The little finger first shows a beginning defect, and in the 
case of Thomas B., Roentgen Photograph No. 1, left hand, 
the first phalanx is long, somewhat curved, and presents a 
slight enlargement which probably corresponds to a joint 
site. The middle phalanx then will be represented by a 
small bone about 1§ cm. in length. In the case of the 
nephew there are certainly only two phalanges; and in each 
of the girls only one is present, and the defect has extended 
to the ring finger. 

Thanks are due to Dr. Finney for permission to report 
these cases. [am also indebted to Professor W. A, S. Tlam- 
mel for the care which he gave to the preparation of the 
photographs. 
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Tuomas B., 
Known to be affected. 


CHARLEs B., son, 
Known to be affected. 
Exact condition unknown. 


Joun B., Grandson. 
Both hands, middle joint, 
all tingers. 


Cuanies Grandson. 


Unknown. 


Tuomas B., 
Great-grandson. 
Both hands, ring, 
middle and little tinger. 
Middle joint. 


b., 
Great-grandson: Both hands, 
ring, middle and little tingers. 


First joint. finger. 
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Henny 
Great-grandson. 
hands, middle and ring 
Middle joint. 


Both 


Cuark ces B., Grandson. 
Unknown. 


Susan B., 
Granddaughter. 
Unatfected. 


Cora B., 
Unattected. 


Jacon B., 
Unaffected. 


SaLuie B., | 
Great-great-granddaughter. 


CHARLES B., 


JENNIE B. J ‘ted. 

Both hands, index and middle Unaffected 

finger. Ring and little finger, 

ne phalanx only Josernu B., 

me plalan 4 : 

Many B., Unatlected. 
Unattected. 


CARRIE Bb., 
Great-vreat-granddaughter. 
Both hands; middle finger, first 
and second joint, right hand. 
Index and middle, tirst joint, 
left hand. Ring and little 
finger, one phalanx. 


Joun B., Unatfected. 


Unatfected. 


B., 
Unatlected. 


GEORGE B., 
Great-great-grandson. 
Both hands, index, ring and 
middie tinger, tirst joint; 
absence phalanx middle tinger. 


lenny B., 
Great-vreat-grandson. 
Both hands, ring, middle and 
little tinger, tirst joint. 


Josern B., 
Unattected. 


CaLes B., 
Unattected. 


Epirn B., 
Unattected. 


GEORGE Bb., 
Unatfected. 
Josern B., 
Unattected 


Susan B., 
Unatlected. 


B., 
Unatfected. 


NOTE ON THE BASEMENT MEMBRANES 


By FRANKLIN 


Professor of Anatomy, Johns Hopkins University. 


In an earlier publication upon reticulated tissues in general 
the statement was made that the whole framework of the 
kidney, including the basement membranes, from the capsule 
to the pelvis, is formed by one mass of anastomosing fibrils, 
and that the sharp borders of the fibrils mark the outlines 


MarGaner B., 


OF THE TUBULES OF THE KIDNEY. 


P. Mat. 


membranes which in 
This state- 


of the tubules to form the basement 
ordinary sections zppear to be homogeneous.’ 
ment was based upon observations made by digesting frozen 


' Mall, Abhandl. der math.-phys. classe der Kénigl. Sach. Geschell. der 
wissensch., Bd. 16, and Johns Hopkins Hospital Reports, vol. 1. 
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sections of the kidney, digested in’ pancreatin, stained with 
acid fuchsin and differentiated with picric acid. By this 
method all of the cells and other structures of the kidney 
are destroyed, leaving only the white fibres and reticulated 
fibrils which are stained intensely red. This observation: has 
been confirmed by Rithles who used a method similar to the 
one Lemployed. — Rithle digested small blocks of kidney (after 
hardening in aleohol) with pancreatin until all the cells were 
dissolved, then made seetions paraflin, which were stained 
upon the slide. By this method the topography of the 
reticulum is retained much better than is the case in’ spec- 


mens made by the freezing method, 


Fig. 1 Longitudinal section of the framework encircling a kidney 
tubule digested in panereatin, stained with acid fuchsin, and differentiated 
with pierie acid. Enlarged 333 times. 

The work of Riihle, which is very accurate and extensive, 
shows quite conclusively that the fibrils obtained by his 
method, as well as by the freezing method, are identical with 
those which form the interstitial tissue as seen in ordinary 
sections, 

The observations given above have been contirmed by 
Disse. who states, however, that the basement membranes of 
the kidney which have been isolated by means of strong acids 
always appear to be homogeneous. This he explains by as- 
suming that pancreatic digestion resolves the membrane into 
fibrils by dissolving the cement substance between them. 


The strong acids, however, dissolve the interstitial connective 


Riihle, His’s. Archiv, 187. 
Disse, Sitzungsberichte der Geschellsch. zur Beférderung der ge- 


sammten Naturwissenschaften zu Marburg, November, 1898. 
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tissue but do not affect those fibrils which are stuck together 
by the cement substance to form basement membranes. 

Von Ebner’ is of the opinion that the fibrillar appearance 
of the basement membranes of the kidney is due to fine folds 
in it owing to the method of preparation. THe further states 
that the fibrils of connective tissue between the tubules stain 
with acid fuchsin while the membranes do not. There is 
some truth in this statement, for in sections of the kidney 
which have been macerated and slightly tinged the stained 
fibres shine through the homogeneous membrane, often mak- 
ing it appear folded. Yet with some care the true nature of 
these makings is easily determined. 


Fic. “.—Transverse section of the reticulum encircling a kidney 


tubule prepared as Fig. 1. 


Recently, while studying sections of the fresh kidney by 
means of various methods, | obtained specimens which proved 
that the observations of Riihle, Disse and myself are correct, 
so far as they go, but that our conclusions regarding the 
basement membranes are not correct. The baskets, which I 
reproduce in Figs. 1 and 2, do exist, are easily obtained by 
means of pancreatic digestion, but do net form the basement 
membranes. An additional membrane, the basement mem- 
brane, lies within this tube and is totally destroyed by means 
of pancreatic digestion. The most instructive specimens | 
obtained were made by macerating frozen sections of the 
rabbit’s kidney in a cold saturated solution of bicarbonate of 
soda for a number of days, after which most of the cells have 
heen converted into a slimy mass. Shaking the section vig- 
orously in water soon cleared the framework, which was next 
spread upon a slide and examined. In case most of the cell 
remnants had been removed the section was dried upon the 


| slide, stained with acid fuchsin, differentiated with picric 
| 


4 Von Ebner, Kolliker’s Handbuch der Gewebelehre, Bd. 3, 8. 374-375. 


oe 
| | | | } 
i 
| 
| 
J 


JOHNS HOPKINS 


Aprit-MAy JUNE, 10d. | 


iid counted in balsam. Successful sections prepared 
in t ay show the basement membranes partly filled with 
the remnants of epithelial cells, the interstitial reticulated 
connective tissue and the blood-vessels. A portion of such a 
speci! shown in Fig. 


\fier specimens of the basement membranes and the retic- 


lum are obtained through maceration in bicarbonate of soda, 


is deseribed above, they may be treated with various reagents 
to test then properties, Dilute solutions of ITC] and NOT 
cause the reticulum to swell and become transparent, whil: 
thi cement membrane and the elastic fibrils accompanying 
the arteries remain unchanged. But it is shown by the 
Weiverts elastic tissue stain that the membranes are not 
elastic, for they do not take on the stain while the elastic 
tissue fibres do. Furthermore, Mallory’s connective tissue - 


As far 


as | have tested the basement membranes they give reactions 


stain. stains the reticulum but not the membranes. 


Mallory, Journal of Experimental Medicine, vol. 5. 


\ COMPARATIVE STUDY OF THE DEVELOPMENT OF THE GENERATIVE TRACT 
IN TERMITES.’ 


By H. Mek. 


Instructor in Anatomy, Johns Hopkins University. 


The facts here presented furnish a more accurate guide in 
estituating the status of individuals in the community than 


lis been hitherto available. New light is thrown on hypo- 
theses as to the possible influence of workers and soldiers in 


the transmission of hereditary characters in these communi- 


ties. ‘These studies will also be seen to bear on problems of 
the comparative morphology of the sexual organs of insects. 


SIX species of two genera (Calotermes and Termes) were 
Investigated, 

The efferent passages and accessory glands of Termites 
are simple, as in Thysanura. In Termes flavipes they 
arise first in larve just hatched, in which the mesodermic 
duct from ovary or testis ends blindly against the ectoderm 
of the hypodermjs. In the female three separate and seg- 
mental, unpaired invaginations of the ectoderm appear, one 
behind another on the ventral mid-line. The pouch of the 
interior segment comes into contact with the mesodermie 
oviduets, that of the next segment later becomes the recep- 
seminis, while the posterior invagination bifurcates 
at its inner end and eventually forms the colleterial glands. 
In larve preceding those evidently destined to become work- 
ers and soldiers, and in adult workers and soldiers, this dis- 
connected segmental condition persists (Fig. 1). In other 


words, the workers and soldiers exhibit a peculiar arrested, 


\ preliminary abstract presented to the American Morphological 
Society, December, 1900. 
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much like-the membranes of elastic fibres, but whether they 
are identical with them | have been unable to determine. 


- ‘ - 
\ 
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Fic. 3.—Longitudinal section of a kidney tubule with the surrounding 
reticulum from a specimen macerated in bicarbonate of soda for a week, 
shaken, dried upon the slide, stained with acid fuchsin and differentiated 
with picric acid. The basement membrane partly filled with broken 
epithelial cells and surrounded with reticulum are shown. The drawing 
is semidiagrammatic. 


larval stage in the development of the sexual apparatus. In 
older larvee of sexual individuals the three, segmental, inde- 
pendent rudiments telescope together and unite to form a 
vaginal canal with colleterial glands, receptaculum seminis, 


and mesodermic oviducts opening into it. In the male there 


Ovary 


Cviauct 


Recept, Sem 


Cel 


Fie. 1.—Moditfied camera sketch of ventral aspect of tip of abdomen 


of Termes flavipes, adult worker or soldier. Female. 


is a single median ectodermic invagination into which the 
paired, mesodermic vesicule seminales, and vasa deferentia, 
eventually open (Fig. 2). In adult workers and soldiers o! 
this sex an arrested larval type is exhibited in the sexual 
apparatus. 

Modifications of this history occur in other species, affect- 
ing workers and soldiers especially. 
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In a species of Eutermes from Jamaica the most extreme 
modification is found. Not even rudiments of the ectodermic 
passage and accessory glands appear in workers or soldiers 
(Nasuti) of this species. The origin of the eetodermic ap- 
paratus of sexual individuals of this species is, however, 
essentially that of the corresponding structures of flavipes. 


Spikacle, 


Testis 
ves Sem 


Vas dee 


Fig. 2.—Similar sketch of adult worker or soldier. Male. 


The condition of the mesodermic sexual gonads, male and 
female, is very simple in a Jamaican species of Calotermes, a 
primitive genus of the group. In advanced larve and in 
soidiers the ovary is a series of egg-tubes opening into the 


[ Nos. 121-122-123. 


oviduets, while the testis is composed of the same number 
of tubules or follicles arranged serially on the vas deferens 

In T. flavipes and in the Jamaican Eutermes the youngest 
larve exhibit a condition similar to that in Calotermes, which 
arrangement, it will be observed, bears a suggestive resem- 
blance to the type found in Thysanura. 

In the Jamaican Kutermes the workers and soldiers exhibit 
an extreme arrest of the development of the gonads, which 
do not proceed beyond the stage found in the youngest larva 
just hatehed. 

The adult workers and soldiers of a Japanese species of 
Termes, unlike T. flavipes, possess gonads not greatly modi- 
fied from the serial type which seems to be primitive. 

In T. flavipes the gonads of older larve and of adult 
workers and soldiers in both sexes lose this primitive type: 
the tubules of the testicle, for instance, hecoming twisted 
into a globular mass in which the original serial order is 
obseured, 

The gonads of larve of sexual individuals, in all species 
studied, change from the condition at hatching to a type in 
which the simpler original arrangement is much obscured, 

Additional facts with suitable discussions will be published 
shortly, fully Ulustrated. 


A COMPOSITE STUDY OF THE AXILLARY ARTERY IN MAN, 


By J. M. Hirzror. 


(From the Anatomical Laboratory of the Johns Hopkins University.) 


At the suggestion of Dr. Mall the following records were 
made from dissections in the Anatomical Laboratory of the 
Johns Hopkins University during 1898-99 and 1899-1900. 
(‘harts' were furnished the students with the request that 
they draw the axillary artery with its branches, etc., as found 
in their subjects, giving as nearly as possible the origin and 
distribution of each branch and maintaining the relation to 
the pectoralis minor and the various bony structures of the 
axillary region. The charts were merely outlines of the 
skeleton upon which each student sketched his dissection. 
When this sketch was finished it was added to or changed by 
the writer, so that the sketch might, as nearly as possible, 
Parallel 


with these drawings a set of notes was kept in which the 


represent the artery as it existed in each dissection. 


constant and the unusual branches of the artery were care- 
fully noted. During the year 1898-99, considerable difficulty 
was experienced with the terms short thoracic, acromio-thor- 
acie, ete., the student in his eagerness to apply these terms to 
the different branches often overlooking the more important 
feature, t. e., the distribution of the branch. To obviate this 
to some extent the charts of this year were compiled and the 
composite picture thus obtained was drawn and furnished as 
a guide for the future. The terms before mentioned were 
kept but special stress was laid upon the origin and distribu- 


! Bardeen, Outline Record Charts used in the Anatomical Laboratory 
of the Johns Hopkins University, Johns Hopkins Press, Baltimore, 1900. 


tion of the artery. The results thus obtained were uniformly 
more satisfactory than those of the previous year. 

The charts used in the following tabulations are less than 
a third of the total number made. The remainder, because 
of errors in drawing, broken arteries in dissecting. and dis- 
crepancies between the notes of the writer and the sketches, 
were omitted. These omitted charts, in so far as they were 
of any value, gave practically the same results as were ob- 
tained from the tabulation of the correct and more complete 
charts. In making the tabulations the arbitrary divisions 
given by the various anatomists were used. 

Part I, that portion of the artery extending from the 
lower border of the first rib to the upper border of the 
pectoralis minor. 

Part Il, that portion of the artery which is beneath the 
pectoralis minor. 

Part IIL, that portion of the artery which extends from 
the lower border of the pectoralis minor to the lower border 
of the tendous of the teres major and latissimus dorsi. 

During the first tabulation separate tables were made for 
the right and left sides to determine whether the origin and 
distribution differed on the two sides. As the only difference 
found was in the presence or absence of the long thoracic 
artery this distinction was dropped, the relative difference 


consisting in the more constant presence of the long thoracic 
artery on the left side. 
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The charts themselves conveniently fall into different types, 


that is. (he artery in a certain number of instances gives off 


its branches from the same divisions of the arterial trunk and 


these branches are distributed to the same regions. 'TheQ?> 


charts here tabulated fall into 7 types, type [ being present 
in 20 cases: type TL in 9 cases: type TIL in 7 cases: type TV 
in d cases: type Vo in 3 cases: and types VI, VIT each in 2 
causes. 


Tyre I (Fra. 1 ann Tasue 1). 


the most constant found in the laboratory during 


This type 
the two vears the dissections were observed, differs from the 
text-book descriptions by the absence of the long thoracic 


tery. ‘The area ordinarily supplied by this artery, accord- 


Fie. 1.—Type L of the axillary artery. Present 20 times in 47 cases. 


Ramus acromialis; «, Ramus ascendens; A. cireumflexa 
humeri anterior; 4, M. biceps; ©@, R. clavicularis ; «+, M. coraco-brach- 
ilis: D, M. deltoideus; ¢, Ramus anastomoticus; JS, A. cireumftlexa, 
dorsal scapular); LJ, M. latissimus dorsi; R. pectoralis ; 
PM, M. pectoralis major; pi, 
M. pectoralis minor; S, A. subscapularis; s, M. subscapularis; SV, 
M. Serratus anterior (magnus); SP, A. profunda brachii, (superior 
profunda); 7 ', A. thoracalis suprema; 7°, A. thoraco-acromialis; 7 
\. thoracalis lateralis; M. teres major; /, 2, 4, 5, Ist, 2d, 3d, 
4th and Sth intercostal spaces. 


scapula, 


PC, A. cireumtlexa humeri posterioris ; 


the 
The branches in 


ing to text-hooks, being supphed by branches from 
acromo-thoracic and subscapular arteries, 
this type can be conveniently arranged in the following 
schema: 


j 1. Superior thoracic. 
{ 1. Thoracic branch. 


Part I. 
Acrome-theracte. 1 2. Acromio-humeral branch. 
3. Clavicular. 
Part II, { No branches. 
( 1. Dorsal scapular. 
Part I 1. Subscapular, | 


Posterior. 


4. 
| Anterior cireumtlex, Anastomotic. 

| 3. Posterior circumflex. : 

Anastomotic. 

| Coraco-brachialis. 


Muscular branches. 
Biceps. 
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The superior thoracic (A. thoracalis suprema) rises just 
below subeclavius muscle and crosses the first interspace, end- 
ing in it and in the second interspace. The origin of the 
artery is remarkably constant in this type (19 times in 20 
cases), it supplies the muscles in the first and second inter- 
spaces, 

The (A. from 
Part I, about midway between the clavicle and upper border 


acromio-thoracie thoraco-acromialis) rises 
of the pectoralis minor, runs almost directly anteriorly and 
divides into the (1) thoracic branch, (2) the acromio-lhumeral 
and (3) elavicular branch. 

This artery is the most constant in this type, being present 
inall 20 cases. The thoracic branch turns downward beneath 
the pectoralis minor, giving off branch to the pectoralis major 
and minor, and to the second and third intercostal spaces and 
The acromio-humeral branch runs 


the overlying skin. up- 


ward and outward across the costo-coracoid membrane over 
the coracoid process of the scapula and gives a branch to the 
acromion and accompanying the cephalic vein between the 
deltoid and pectoralis major breaks into branches, supplying 
The 


clavicular branch is a small branch which turns upward to 


these two muscles end the surrounding fascia and skin. 


supply the subclavius muscle. 

The subscapular artery arises from the axillary trunk at 
the lower border of the subscapularis muscle and takes a 
Near its 
origin it gives off a branch to the subscapular muscle and a 


downward and inward course through the axilla. 


large branch, the dorsal scapular, which passes through the 
triangular space formed by the subscapularis, teres major and 
long head of the triceps, to the dorsum of the scapula, sup- 
A small branch to the 


teres major muscle then comes from the subscapular trunk 


plving the muscles of that region. 


as it crosses that muscle, and before it splits into the thoracic 
The 


thoracic branch crosses the base of the axilla from the back 


or anterior branch and its posterior or muscular branch, 


to the front and supplies the serratus magnus, the fourth and 
fifth The 
branch continues the dowifward and backward course of the 


interspaces, and the adjacent skin. posterior 


subscapular trunk to end in the serratus magnus, and the 


latissimus dorsi, giving olf numerous branches to these 
muscles, 
Two small muscle branches are given off to the coraco- 
brachialis and biceps. 
Krom the anterior portion of the axillary trunk a small 
the the 


coraco-brachialis and biceps and sends a branch to the joint 


artery, anterior circumflex, rises, passes beneath 


hy way of the bicipital groove and a branch around the arms to 


anastomose with the posterior circumflex artery. its 
course it gives off branches to the overlying muscles. At 
about the same level and from the posterior portion of the 
axillary artery the posterior circumflex takes its origin, 
passes downward and backward through the space bounded 
by the teres minor, long head of the triceps, teres major and 
the humerus, winds around the neck of the humerus, supply- 


ing the deltoid, the joint, the triceps, and the adjacent skin 
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and anastomoses with the anterior circumflex artery and 
superior profunda artery. 
Tyre IIT (fia. 2 ann Tastee 


The branches in type [IT are conveniently arranged accord- 


ing to the following plan: 


{ Superior thoracic 


1. Thoracic branch 
Part I { 
Acromio-thoraci 2 2. Acromio-humeral branch 
| { Clavicular branch. 
Part II Long thoracic 
fe. Dorsal scapular. 
' 2 Muscular branches 
Subseapular 
) 
Part Ill | 3. Posterior branch 


( Anterior circumftley, 


Posterior circumflex. 


This type differs from type Toonly by the presence of a 


branch from the part TL of the axillary trunk and corresponds 


Fig, 2.—Type Il of the axillary artery. Present { times in 47 cases. 


with the description of the axillary artery usually given in 
the text-books. This branch from the second part of the 
artery bears the name long thoracic (A. thoracalis lateralis). 
It takes its origin beneath the pectoralis minor, courses down- 
,ward along the lower border of this muscle, supplying it, the 
» serratus magnus, and the third, fourth and fifth interspaces. 
In its course it gives off small branches to the fascia of the 
axilla, and terminal branches which piercing the pectoralis 
inajor terminate in the overlying skin. The other arterial 
branches have the same origin and distribution as deseribed 
in type I, except that the intercostal areas of the thoracic 
branch of the acromio-thoracic artery and the thoracie branch 
of the subscapular artery are replaced wholly or in part by 
this branch from part Il. The anterior and posterior cir- 
cumflex arteries arise by a common trunk but otherwise their 
course and distribution correspond to the description given 
under type L. 
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Tyre (Fie. 3 anp Tassie IID). 


Superior thoracic 

( Thoracie br 
\cromio-humeral. 

{ Clavicular. 


Part I. \cromio-theracic. 


f Thoracic branch. 

| 2. Museular branches, 
3. Posterior circumflex. 
Dorsales scapulae. 

5. Anterior branch. 

| 6. Posterior 


Part Subseapular. 


Ascending. 
Part Anterior circumflex. 
Anastomotie. 


The branches from part Tare similar in their origin and 
distribution to these deseribed in type [. From part a 
large subscapular artery takes its origin. [t immediately 
vives off a branch (thoracic) which supplies the serratus 


magnus and crossing the axilla beneath the pectoralis minor 


Fic, 3.—Type LL of the axillary artery. Present 7 times in 47 cases. 


supplies that muscle and the second, third and fourth inter- 
spaces. Just above the lower border of the peetoralis minor 
a larger branch descends which gives off the posterior cir- 
cumflex dorsal scapular, and muscular branches teriai- 
nates iman anterior branch to the fifth interspace and serratus 
and a posterior branch to latissimus dorsi and serratus. From 
the drawing and description the thoracic branch of this 
artery can be seen to correspond with the deseription of the 
“Jong thoracic” artery, while the lower descending branch 
corresponds to the description usually allotted to the sub- 
scapular artery. The artery, however, can be better de- 
scribed as the subscapular artery because, as is seen in [vpe a 
the subscapular artery does supply the mid-thoracie region 
and because the long thoracie artery is so often absent. The 
anterior circumflex has the same origin and distribution as 


that given it under type L. 


| 
| 
\ 
J SM — SM 
| 
| 
| 
| 
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Tyre IV (Fie. 4 anp IV). 


In type LV the aeromio-thoracie artery commonly found in 
nart L is found arising from part IT of the axillary trunk. 
The distribution of the branches in this type is similar to 
that given under type I (the superior thoracic supplying the 


Fig. 4. Present 4 times in 47 cases. 


IV of the axillary artery. 


lirst interspace only), with an added branch to the subseapu- 
laris muscle whieh, taking its origin from part I, turns back- 
ward and downward, passes between the trunks of the brachial 
plexus and ends in the subscapularis muscle. 


( Superior thoracic. 


Part I. 
Branch to M. subscapularis. 
{ Thoracic. 
Part Il. Acromio-thoraciec. Clavicular. 
| Acromio-humeral, Acromial. 
{ Muscular. 
Coraco-brachialis. 
{ Museular branch, YOraco 
Biceps. 
1. Museular. 
' ' 2. Dorsal scapular. 
Part IIIf. ¢ Subseapular. orsal scapular 
} 3. Anterior, 
| 4. Posterior. 
( Anterior circumflex. 
| Trunk. 
Posterior 


Tyre V (Fie. 5 anp V). 


From the table and drawing it is readily seen that prac- 
tically the whole peetoral area, the thoracic and subscapular 
regions, are supplied by an artery given off from part IT of 
the axillary artery. From the table it will be noticed that 
this was the case twice, while in the third case two arteries 
with the same distribution as the above mentioned trunk 
In this latter 


case the origins of the two arteries supplying this whole area 


lave separate origins from the main trunk. 


Were so close together that for practical purposes they can 
be called a common trunk and are incorporated as such in 


the drawing of this type. 


It is important, however, to re- 
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member that type V may be represented by two branches 
rising close together from part IT, as is seen by the drawing 
given for that type. In one case the trunk had an even 
larger area of distribution than is shown in the drawing, the 


anterior and posterior circumflex regions being supplied by 


ZX sm / 


> 


Fig. 5.—Type V of the axillary artery. Present 3 times in 47 cases. 


These 


variations in type V are given because future research may 


branches from the large trunk from part IT. two 


show that one of these variations is more common than that 
found to be most frequent in my observations. 


Part I. { Superior thoracic (small). 
( Thoracie branch. 
Acromio-thoracic. { Acromio- \ ul 
| humeral Acromial. 
| Muscular. 
Part IT. 2. Long thoracic. 


{ Muscular. 
' Dorsal scapular, 

3. Subseapular. 4 
| Anterior branch. 


Posterior “6 


1. 


Anterior circumflex. 
Part III. 


In the above schema I have called the branches by their 


Posterior 


adopted names, and the distribution of each branch from this 
trunk is similar to the distribution described under types 
land IT. 

Tyre VI (Fig. 6 Taste VI). 

This type existed but twice in the dissections observed and 
is remarkable for the number of branches which arise from 
part 1. 

Clavicular. 


Acromial. 
Deltoid. 


Muscular, 
Intercostal, 


( Superior thoracic. 
| Acromio.thoracic. 


Part I. Pectoral branch. 


| 


Long thoracic 


\ 


| \ 
V\ 
ks / 
| 
| 
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Part Il No branches. Dorsal scapular 
Muscular 
Anterior branch 


\ 

Subscapular 

Posterior 


| 
Part Ill 

( Anterior circumflex 
‘Trunk 

| Posterior 


The superior thoracic is small, giving a twig to the upper 


digitations of the serratus and ends in the first interspace. 


PC 
Fig. 6.—Type VI of the axillary artery. Present 2 times in 47 cases 
This type shows to a marked degree a variation which occurs 


in the origin of the acromio-thoracie artery, i. e. a separate 
origin of its pectoral or thoracie branch, while the artery 
designated as the acromio-thoracic is merely the acromio-hum- 
eral division of that artery. From the table it will be noticed 
(line 2, table VI) that the thoracie branch of the acromio- 
thoracic artery was present in one case. My notes on this 
case mention the fact that this branch was extremely small 
and that the area usually completely supplied by it receives 
most of its blood-supply from a branch rising from the main 
trunk. This pectoral branch rises from the trunk slightly 
above or just adjacent to the origin of the acromio-thoracic 
artery, courses downward and forward, supplying the pec- 
toralis major and minor and the second, third and fourth 
intercostal spaces. The long thoracic artery, except for its 
origin, is similar to that deseribed under type LL. 

The subscapular artery is the same as that of tvpe [, and 
the trunk common to anterior and posterior circumflex ar- 


teries is the same as that of type LI. 


Type VII (Fia. 7 anp TaBie VII). 


Type VIL occurred but twice in the records made. In this 
type, as in type VI, the thoracic braneh of the aeromio- 
humeral artery is very small, being represented by a small 
twig te the pectoralis minor, while its area of distribution is 
supplied by a branch from the large subscapular artery; in 
type VI it was supplied by a separate branch from the axil* 
lary trunk, 
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Thoracic. 
Clavicular. { Acromial, 


Acromio-thoracie 
Acromio-humeral. Muscular 


| 


{ Upper division. 
Part I Pectoral. Lower “ 
Subseapular. Muscular 
Dorsal seapular 
{ Anterior division 
Posterior 
Part Il No branches 


< j A 
PM 
Ve 
whi YN 
>. / 
SM 
Fie. 7.—Type VIL of the axillary artery Present 2 times in 47 cases 


Muscular branch. 

Anterior circumflex 
Posterior 

Superior profunda. 


| 
Part IIL Trunk. { Trunk 
| 

In this type the superior thoracic is absent and its area 
of distribution is supplied by the subscapular. 

The cromio-thoracic is the same as type L; while the thor- 
acic or pectoral branch is small. The subseapular arises well 
above the upper horder of the pectoralis minor, turns down- 
ward beneath that muscle and supplies the whole thoracic, 
pectoral and subscapular regions. Part IIL gives off a large 
trunk which runs parallel to the main artery, gives off 
branches to the coraco-brachialis and biceps, and a trunk 
which immediately splits to form the anterior and posterior 
circumflex arteries (distribution similar to that under type I), 
and then turning down, out and back passes through the 
musculo-spiral groove to become the superior profunda artery. 

In the first part of this paper the types into which the 
axillary artery fell are discussed and it is my intention in 
this portion to discuss the individual branches with their 
origin, distribution and variations. 

Superior Thoracic.—This artery was remarkably constant, 
appearing 40 times in the 47 cases here tabulated. In the 
* cases in which it was absent it was supplied by the acromio- 
thoracic in 4+ cases. This is the condition deseribed us normal 
by ‘Testut, Sappey and Cruveilhier. In 2 cases the subscapular 
supplied its area (type IL), and in one case a large trunk 
from part LI of the axillary (type V). The artery was most 
frequently distributed to the first and second interspaces, 


. 
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| 
| 
| 
» 
$ 
. 
4 
1 


1901. | 


JOHNS HOPKINS HOSPITAL BULLETIN. 


141 


as in type |. In 4 cases, however, the artery was distinctly 
longer than normal and rising high up in the axilla, turned 
directly downward and passed along the lateral thoracic 
wall, supplying the interspaces from 1 to 4 (in 2 cases the 
5th also) and the serratus magnus muscle. This artery was 
in close relation to the posterior thoracic nerve, being anterior 
to it and separated from it by an accompanying vein. As 
far as can be ascertained, this artery has not been described 
hefore. In one of these cases the artery was of considerable 
size and gave branches to the glandular contents of the 
axilla and sent numerous branehes forward in the intercostal 
spaces. In some respects it corresponds to the long thoracic, 
hut owing to its presence in a case in which the long thoracic 
was present also, and its origin near that ascribed to the 
superior thoracic, it has been included in the description of 
the superior thoracic artery. 

Acromio-thoracte Artery.—This branch, the most constant 
of the axillary subdivisions, came from part [ in 40 cases, 
from part Il in 5 cases and in the remaining 2 cases came 
from the trunk common to it, the subscapular and long 
thoracic arteries (type V). For convenience of description 
the following schema of the acromio-thoracie artery will be 
found very useful. 


Pectoral branch. 
Clavicular branch. 
Acromio-humeral branch. 


Acromio-thoracic. 


The pectoral branch of this artery was present 43 times in 
the 47 dissections. In the 4 cases in which it was absent its 
area of distribution was supplied by a pectoral branch from 
the axillary trunk in 3 cases (type VI), and in one case from 
the subscapular (type VIL), which shows the thoracie branch 
present although small. This pectoral division of the acro- 
mio-thoracic trunk is very variable in size, occasionally being 
large, in which case it supplies the pectoral muscles, the 
second to fifth interspaces, and the serratus magnus and 
latissimus dorsi. In those cases in which there is a long 
thoracic artery present, it is smaller than in the first insiance 
and is limited to the pectoral muscles and the upper inter- 
spaces. Occasionally it is very small, being merely a muscu- 
lar branch to the pectoral muscles, and its area in this case 
is more completely supplied by branches from the long thor- 
acic, the subscapular or by pectoral branches from the main 
trunk, 

The clavicular branch is a small artery which was present 
13 times in the 47 dissections. In the 4 cases in which it is 
absent 3 cases show no artery to this area from any of the 
axillary subdivisions; in one case it was supplied by a branch 
from the main trunk. The acromio-humeral branch is the 
most constant subdivision of the acromio-thoracic, and in 
those cases in which the pectoral branch is absent, it, with the 
clavicular branch, forms the acromio-thoracie artery. In the 
discussion of this subject under type VI, | have suggested that 
this artery is merely the acromio-humeral artery and not the 
acromio-thoracie, since it lacks the thoracic or pectoral por- 
tion, Its distribution constant. In one case the 
humeral or descending branch was small, the anterior cir- 


is also 


cumflex artery in this case being large and sending off large 
ascending branches to the deltoid and clavicular portion of 
the pectoralis major. In 3 cases a branch is given off to the 
subscapular muscle. 

The Long Thoracie.—This artery was present only 11 times 
as a separate branch from the axillary trunk (types IT and V1) 
and it was with this artery that the most trouble arose in 
tabulating the dissections. The 11 cases here tabulated rep- 
resent a large majority of the number found in all the eharts 
received. In discussing the question of the absence or pres- 
ence of a major branch from part I], it is found that in 24 
cases no major branch is found, while in 23 cases there is a 
major trunk. 

Instances in which there are no arteries from part I, type 
I, 20; type VI, 2; type VIT, 2. 

Instances in which there are arteries from part II, type I, 
9; type TIL, 7: type IV, 4: type V. 3. 

The eases in which the artery, arising from part LI of the 
axillary is the long thoracic, are, however, less frequent, 
that artery being present only in the 9 cases represented by 
type IT. 

The long thoracic artery, as described by His, arises be- 
neath the pectoralis minor, courses downward upon the ser- 
ratus magnus to the fifth or sixth interspace, supplying that 
muscle, The external mammary branches pierce the pec- 
toralis major and supply the skin in the mammary region. 
According to Testut, it arises beneath the pectoralis minor, 
courses obliquely downward, inward and forward along the 
lateral thoracic wall between the pectoralis major and the 
serratus magnus as far as the fifth, sixth or seventh interspace, 
terminates in anastomosis with the intercostal ar- 
collateral 


where it 
teries. As it descends 
branches to the axillary glands, the subscapular muscles, the 
serratus magnus, pectoralis major and minor, the intercostal 


it gives off numerous 


spaces, the mammary gland, and the antero-lateral region of 
the thorax. According to Quain, the long thoracic artery 
arises beneath the pectoralis minor, is directed downwards 
and inwards along the lower border of that muscle and is 
distributed to the pectoral muscle, the serratus magnus, and 
the breast, forming anastomosis with the intercostal arteries. 

From the above descriptions it is readily seen how variable 
the distribution of the artery may be. My cases correspond 
more nearly to the description given by Quain, although in 
3 of the cases the artery corresponded with the deseription 
given it by Testut. 

The Subscapular Artery.—This artery varied considerably 
in its place of origin, coming from part I in 2 cases, from 
part IT in 8 cases, from part IIT in 35 cases, and in 2 
from the trunk common to it, the long thoracic and acromio- 
distribution of this 


Cases 


The common 
It may, however, vary 


thoracic from part II. 
artery is that given it under type I. 
considerably, as is seen from the deseription given it in type 
Il. 
only the dorsal scapular artery. 
areas were supplied by the long thoracie in 3 cases, and by a 


In four cases the artery was small, being practically 
In these cases its remaining 


large thoracic branch from the acromio-thoracic in one case. 


= 
| 
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(See table type I). The anterior and posterior cireumflex 
areas are also supplied by this artery, the former in 2 cases 
and the latter in 9 cases. In one case it also gave rise to the 
superior profunda artery. The cases in which the subseap- 
ular included arteries usually arising from the axillary or 
brachial trunks can be classified as follows: 

Subscapular + posterior circumflex and superior profunda, 

Subscapular posterior circumflex, 

Subscapular + anterior circumflex, 

Subscapular anterior and posterior circumflex. 

The Anterior Circumfler. 
relatively constant, coming from part ILL as a separate branch 


The origin of this artery was 


in 22 cases and from a trunk common to it and the posterior 


circumflex in 21 cases. In the remaining + cases it took its 
origin from the subscapular in 2 cases, from a trunk common 
to it, the posterior circumflex and superior profunda in 1 
case, and from the large trunk common to all the arteries in 
l ease. Its distribution, as that given it under type I, was 
constant except in that case in which it was given off from 
the subscapular and supplied the area usually supplied by the 
branch 


humeral branch of the acromio-thoracie artery, that 


being small in this particular case. The eases in which the 
anterior circumflex is united with arteries ordinarily arising 
from the main artery may be grouped as follows: 


21 cases, 


1. Anterior and posterior circumflex, 


2. Subscapular and anterior circumflex, 1 case 
6 and posterior circumflex, 1 
Anterior circumflex 
t. Trunk. Posterior circumflex. } l 
Superior profunda ) 
\cromio-thoracic, } 
| Long thoracie. 
5. Trunk Subscapular. I 
Anterior circumflex 
Posterior J 


The Posterior Circumfler.—This artery was perhaps tle 
most variable in origin of the axillary subdivisions being, 
however, constant in its distribution (see type 1), 

The places of origin are as follows: 

1. From axillary artery. 


( Anterior circumflex.) 


Trunk 
Posterior s \ 


Subscapular. 


TABLE SHOWING THE ORIGIN AND 
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\ Posterior circumflex. 

Trunk. 4 3 
4 Superior profunda. \ 
Acromio-thoracic | 
Long thoracic. | 


5. Trunk. Subscapular. 1 
| Anterior circumflex. 
| Posterior 

6. Brachial artery, 1 


The 3 trunks recorded in the table have been deser bed 
elsewhere in. this paper and are sulfic iently clear from the 
table itself. 


costal branches are infrequent and may or may not 


The remaining muscular, cutaneous and inter- 
occur, 
When present they are large or small as the case necessitates, 
The branch labelled * axillary fascia” is that which is usually 
described as the alar thoracic artery. It was present 8 times, 
its area being supplied by the larger subdivisions of the main 
arteries in their courses through the axilla. 

The Posterior Scapular—This artery arose from the axil- 
lary artery in 5 cases. The artery in its course turns hack- 
ward, passes either between the trunks of the brachial plexus 
or passes over them, courses along the.superior margin of the 
scapula and then turns downward to pass parallel to the 
vertebral margin of the seapula. its course gives 
branches to the subscapularis, levator anguli scapulw, tra- 
pezius, rhomboid major and rhomboid minor, supraspinatus 
and infraspinatus. 

The suprascapular artery was found arising from the axil- 
lary artery in one case. In one case the superior profunda 
was given off in the axilla. In two cases not included in these 
records the axillary artery divided into the radial and ulnar 
in the axilla, and in these cases the anterior and posterior cir- 
cumflex arteries and the superior profunda ‘were given off by 
the radial. 

The conclusions to be drawn from this study are: 

(1) That while the origin of the subdivisions of the axillary 
artery varies, the distribution is practically constant. 

(2) That type I, as here described, is the ordinary form in 
which the axillary artery is found. 

(5) That the long thoracic artery and alar thoracie arteries 
are most frequently absent and that their areas of distribu- 
tion are supplied by the adjacent branches from the main 
artery. 


ARTERY 


IN FORTY-SEVEN CASES. 


ORIGIN 
@ 
BRANCH 
8 3 
\cromio-thoracic 10 5 i 24 24 6 2 
Long thoracic, . 2 4 11 
Subscapular 2 6 33 323 41 


Pectoralis major. 


DISTRIBUTION, 


circumflex 


r region 


Dorsal region of scapula. 
Axillary glands and fascia 


Subclavius and clavicle. 


Pectoralis minor. 
Subscapularis. 
Latissimus dorsi. 
Teres major. 
Anterior circumflex, 
Coraco-brachialis. 


= 
l 
3S 8/43/13 9/1 
5 11 3 3 
8 42} 45 41 41) 23: 9/23) 7 11 
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BRANCH 


\nterior 
Posterior umitlex.. 
Trunk common to anterior and pe 
terior circumtlex 
Trunk common to clreumflex arter 
and superior profunda 


Common trunk 
To subse 
serratus magnus 
To peetor ilis major 
lo pectoralis minor 
Pectoral branch 
ro subelavius and clavicle 


fuscia 


To axillary 
Articular 

Ist and 2nd 
“nd interspace...... 
Interspaces, . 


Interspaces 
and Srd interspaces......... 
lo coraco-brachialis 


To biceps 
To deltoid 
Posterior 


Suprascapular 
Superior profunda 


BRANCH. 


1, Superior thoracic 


2. Acromio-thoracic 
Subscapular 


Posterior circumflex 


§. Trank common to anterior and 


posterior circumflex arterie 
7. To M. subscapularius 
To pectoralis major 


To pectoralis minor 
Axillary ¢lands and fascia. 
Articular 


and Srd interspaces 
Coraco-brachialis 
Biceps 
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TYPE I, 20 CASES. 
ORIGIN, DISTRIBUTION, 
| 
Sin is = 2 
914) 5) 1 l 2 


+ 22020 


oof. 


wih 

Core 
2. 
3) &. 


20 19, 2 
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DisTRIBUTION, 


Subscapularis. 


21 


fascia. 


indsand f 


Axillary 


Dorsal region of scapula. 


ichialis. 


Serratus magnus. 


Articular. 


Latissimus dorsi. 


Teres major. 


profunda, 


Posterior region of scapula 
Teres minor. 


Superior 


Posterior circumflex. 


terior circumflex. 


Al 


( 


S times 


Coraco-brachialis. 


scapula. 
Superior profunda. 


Teres minor. 


Axillary glands and fascia 
Deltoid. 


Articular. 
Posterior region of 
Suprascapular. 


Biceps. 


REMARKS. 


In the absent case the region 
was supplied by the acromio- 
thoracic artery. 


8. times from a branch com- 
mon to circumflex arteries 
(see line 6). 

from branch com- 

mon to circumflex arteries, 

4 times from subscapular, 

1 case from brachial artery 

(see lines 3 and 6). 
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TYPE II, 9 CASES. 


ORIGIN, DISTRIBUTION, 
eicg = = 
BRANCH = Sig 32 = = REMARKS. 
| ~ =, 
\bsent twice, supplied by 
Superior thoracic i acromio and long thoracic | 
(see lines 2 and 3). 
Pectoral branch absent twice, \ 
: area supplied by long thoraci ' 
(line 3) and pectoral branch 
(line 11). 
\ Large in 3 cases, supplying / 
3. Long thoracic. ..... 9 3 the subscapular area in part 
(see line 4). 
\ Small in 3 cases, being contined 
Subseapular... . 36 1 to dorsal and scapular region 
rrincipally (see text) 
, \ For remaining place of origin 
) see lines + and 7. 
p \ For remaining places of origin 
+ see lines 4, 7 and 8. 
7. Trunk, common to anterior and 
( For other origins of circumflex 
{ arteries, see lines 4, 5, 6 ands, 
Branch to M. subscapularis..... 5 1 Of. 
10. To serratus magnus... 1 a 
11. Pectoral branch....... 3 2 
14. Biceps .... 3 
15. Suprascapular l ‘ l 
} 
rYPE Ill, 7 CASES. 
Absent once, supplied — by 
/  seapular. 
rr subse rin 3 cases. 
/ From trunk (line 6) in 5 cases. 
6. Trunk, common to anterior and 
posterior 3 well ....| See lines 4 and 5. 
S. M. coraco-brachialis. .. &. $3 
Ll. lst and 2nd interspaces........ .| 
16. Posterior scapular 1 
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TYPE IV, 4 CASES. 


ORIGIN DISTRIBUTION, 


acro- 


glandsand fascia 


= “ = 
= a = 3 
BRANCH. jsis &|.\|8lg = REMARKS. 
> 2 = 
a 
2 sie & 
= 2 if isis = = 


Absent once, supplied by acro 
» Acromio-thoracic .. 4.81) 4 4 8 AG ak 
( For 5 remaining cases, see lines 


\ | No branch from axillary, supplied 


Represented by a detinite branch 
twice (see line 5 for 1 case) 

arteries. 


Posterior scapular 
Superior profunda ...... ...... 


1. Superior thoracic ........... ae Beéles 
Acromio.thoracic ...... ........ 
5. Anterior circumflex ............. 
6. Posterior circumflex ......... 
7. Trunk, common to anterior anc 


TYPE VI, 2 CASES. 


See line 4. 


39 ae 1 l See lines 2 and 5. 


1. Superior thoracic ......... 
\ Pectoral branchabsent in onecase 


2. Acromivo-thoracic ......... ond as] oat ee ee) and smallin the other. Sup- 
{plied by pectoral branch (line 8) 
Teres major supplied by dorsalis 
from subscapular direct. 


5. Anterior circumflex............ 
See line 7. 


6. Posterior circumflex...... 
7. Trunk, common to anterior and | } 


10. Coraco-brachialis .............- 


‘ TYPE VII, 2 CASES. 


See line 2 for remaining case. 


Pectoral branch absent in 1 case 
‘ ‘ | (see line 8), supplied by pee- 
toral branch and by sub- 
scapular (see line 5). 


Pectoralis minor 


See line 2%. Supplies pectoral 


| area of acromio-thoracic 
} 


Was present as a rather large 

artery | i is case 

} in that from the subscapular 


9. 


| | | | (see line 3). 


| | |. | | | 
TYPE V, 3 CASES. 
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ON TILE ORIGIN OFTHE LYMPHATICS IN THE LIVER. 


By FRANKLIN P. Matt, 


Professor of Anatomy, Johns Hopkins University. 


The origin of the lymphaties of the liver was first definitely 


determined by MacGillavry, who studied this subject under 


the direetion of Ludwig. Long before the work of Mae- 
Gillavry it had been observed that ligature of the bile duet 
was followed by passage of bile over into the lymphaties, and 
the artificial filling of the lymphatics naturally followed by 
injecting a colored fluid into the bile duet. Seetions of liver, 
in which the lymphatics had been filled with Prussian blue, 
or with asphalt, showed that the fluid injected into the bile 
ducts leaves them at the periphery of the lobule to enter 
spaces surrounding the blood capillaries, the so-called  peri- 
vascular lymph spaces. These spaces communicate the 
periphery of the lobule directly with the interlobular lymph 
channels. Frequently there is an extravasation of the injee- 
tion mass into the blood capillaries of the lobule. 

These observations were subsequently confirmed by numer- 
ous Competent investigators, using the method employed by 
MacGillavry as well as that of direct injection of Prussian blue 
into the walls of the portal and hepatic veins. In successful 
injections made in this way it is found that the Prussian blue 
injected enters the lobule to encircle its blood capillaries.’ 
Such injections, however, are always accompanied with num- 
erous extravasations of the injected material into the tissues 
between the lobules, and often there is a secondary injection 
into the blood capillaries of the lobule. This fact has raised 
an objection to the direct injection of the lymphaties from 
the bile capillaries. It appears more probable, the opponents 
say, that the extravasation of bile, or the injected material 
into the interlobular spaces, enters the lyinphatie radicals of 
the capsule of Glisson, and from them the larger lymph chan- 
nels and the perivascular spaces of the capillaries are filled. 
furthermore the injected mass may pass from the pericapil- 
lary spaces directly into the capillaries, thus accounting for 
their frequent injection. 

According to Fleischl? all the bile is taken up by the 
lymphatics after ligature of the bile duet, and in case the 
thoracic duct is also ligated no bile or only a trace of bile 
ever reaches the blood. The observation of Fleisch] has been 
confirmed by Kunkel,’ Kufferath * and Harley.” It is ex- 
trem ly difficult to understand why the bile does not enter the 
blood capillaries in case it passes from the bile capillaries 
over into the perivascular spaces before it reaches the inter- 
lobular spaces after ligature of the bile duet. A’ further 
objection to the idea that the perivascular spaces first take up 


the bile, after ligature of the duet, is the fact that fluids 


'MacGillavry, Wiener Sitzunygsber., S64 
Budge, Ludwig’s Arbeiten, IS75 
Fleischl, Ludwig's Arbeiten, IS74 

‘Kunkel, Ludwig's Arbeiten, 1875 
Kutferath, Arch. far Physiol., 1SS0, 


* Harley, Archiv fur Physiol, 


injected into the bile duct pass with ease over into thy 
lymphatics but only with difficulty into the bile capillaries, 
In all cases it appears as if the main origin of the lymphatics 
is at the periphery of the lobule and that the radicals commu- 
nicate freely with the perivascular lymph spaces. Purther- 
more, it appears that the course the bile takes after ligature 
of the bile duct, or of a fluid injected into the bile duct in 
passings to the lymphaties, is between the lobules or at. least 
at their extreme periphery. This idea is greatly strengthened 
since we know that the walls of the capillaries of the lobule 
are extremely porous, being composed of a dense layer of 
reticulum fibrils upon which lie the endothelial or Kupifer’s 
cells. This layer of reticulum fibrils encircling each capillary 
has been described from time to time by many investigators, 
and has been isolated by Oppel* and by myself Oppel ob- 
tained clear pictures of the connective tissue of the liver lobule 
hy means of silver precipitation, while L employed Kiihne’s 
method of pancreatic digestion to remove the cells, followed 
hy some intense stain like acid fuchsin. The nature of these 
fibrils is still under discussion but that matters little for the 
present communication. is sutlicient to know that the 
fibrils of reticulum form a basket-like membrane surrounding 
each capillary of the whole lobule, the interior of which is 
only partly lined by Kupifer’s syneytial endothelial cells. 
The capillary walls thea are very pervious, blood plasma pa-s- 
ing easily from them out into the perivascular spaces to bathe 
the liver cells. 

It is well known that a large quantity of lymph is con- 
stantly passing from the liver, much more than from any 
other organ. ‘That this lymph comes directly from the blood 
is indicated by its high per cent of proteid matter, nearly that 
of the blood, and from two to three times that of the lymph 
from other parts of the body. 

The course the lymph takes from the blood to the Ivmph 
radicals, 7. ¢. its natural course, can easily be marked by 
injecting colored gelatin into any of the blood-vessels. | 
have usually found it most convenient to inject the gelatin 
into the portal vein, but it is just as easy to fill the lymphatics 
by injecting either the hepatic artery or hepatic vein. In all 
cases the colored fluid reaches the main lymph channels in 
the same way. The colored gelatin flows with great case 
from the capillaries at the periphery of the lobule as well as 
from those around the sublobular vein into the lymphatics. 
After the lymphaties have all been filled it is well to inject 
a small quantity of fluid of different color into the blood- 
vessels. A much better method of making double injections 


s to mix red granules with a blue gelatin or blue eranules 


Kuptiler, Arch. f. Mik, Anat., 54. 
Oppel, Arch. Anz., 
*Mall, Abhandl. d. K. 8. Ges. d. Wiss., xvii, 
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with velatin, the fenestrated lining membrane of the 
capillary acting is a sieve which allows the fluid to pass but 
holds the granules, as is the case with the blood when 
normal circulation is taking place. 

If tl wortal vein is injected with Prussian-blue gelatin 
under ow pressure, it is found that in a few minutes the 
Ivinphatics are all filled with the blue mass. Livers injected 
in this way are best hardened in formalin and then cut by 
the freezing method, fer alcohol causes the gelatin to shrink. 
Such sections show that the blue fluid has entered the lym- 
phatics at the periphery of the lobule. More instructive are 
the specimens When the injection is stopped just as the first 
lymphatics are filled with the colored gelatin. By following 
the larger lvinphatics hack into the liver substance it is found 
that the interlobular connective tissue is entirely filled with 
blue where the lymphatics are injected, but only partly col- 
ored blue w hen they are not. In other words, the blue extra- 


Fic. 1.—Seetion through the periphery of the liver lobule of a cat. 
rhe hepatic artery was injected with cinnabar gelatin, and the portal 
vein with Prussian-blue gelatin, stained with Van Gieson’s stain, x 500 
L, lobule of liver; ¢, capillaries; artery; 7, lymph vessel; pr/, times. 
perivascular lymph space; p//, perilobular lymph space; «, bundles of 
librils of white tibrous tissue. 
vasates from the periphery of the lobule, invades the connec- 
live tissue until it reaches the beginning of the lymphatics, 
when of course it is carried rapidly from the liver. The near- 
est course from the lobules to the lymphatics is between the 
lobule where the amount of connective tissue is small, so 
when colored fluid is beginning to enter lymph channels the 
tips of the capsule of Glisson are entirely colored, while 
larger portal spaces are encircled by a zone of the color. 
Furthermore it is found that in certain instances when the 
injection was not continued long enough the blue did not 
enter the lymphatics. In such specimens it is found that all 
the interlobular spaces are surrounded by a zone of colored 
gelatin which does not enter the main lymph channels. 

A successful injection of the lymphatics is illustrated in 
the accompanying figure. The seetion was stained with Van 
(iieson’s stain which gives a very satisfactory result. The 


granular blue enters the capillaries of the lobule, ¢, with ease, 
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and from them the liquid blue is filtered through the capillary 
walls to enter the perivascular lymph space. This space 
communicates at the periphery of the lobule directly with a 
large lymph space between the liver cells and the capsule ot 
Glisson, which I shall term the perilobular lymph space. 
These spaces in turn communicate with the lymph radicals. 

Injection of the blood-vessels of the liver with aqueous 
Prussian blue fills the capillaries only, and in all cases it is 
shown that there are no capillaries between the periphery 
of the lobule and the interlobular connective tissue. The 
liver cells come directly against the capsule of Glisson, An 
injection of brief duration with blue gelatin soon fills the peri- 
lobular lymph spaces, so that it appears as if all groups of 
liver cells at the periphery of the Jobule were separated from 
the interlobular connective tissue with capillaries. In case 
cinnabar granules are mixed with the blue a few of these 
granules are found in the perivascular and perilobular lymph 
spaces. The openings in the walls of the capillaries are large 
enough to allow a few of the smailer granules to pass through. 
As the injection is continued the blue invades the connective 
tissue spaces from the lymphatic radicals more and more 
until a lymph channel is reached, when of course it flows 
rapidly from the liver. Were there a direct channel from 
the perilobular lymph spaces the blue should flow through 
it at once without further filtration through the interlobular 
connective tissue spaces. The course the cinnabar granules 
take also speaks against a direct channel between the peri-— 
lobular lymph spaces and the interlobular lymph channels. 
A few of the granules enter the perilobular lymph spaces, but 


All of my 


specimens without exception force me to the conclusion that 


none of them reach the main lymph channels. 


there are no direct channels connecting the perivascular and 
perilobular lyinph spaces with the lymphatics proper other 
than the ordinary spaces between the connective-tissue fibrils 
of the eapsule of Glisson. These spaces, however, are rela- 
tively large, permitting of a rapid diffusion through them. 
Interstitial injections into the walls of the interlobular 
veins naturally fill the surrounding lymphatic vessels, and 
when no valves are in the way the injected fluid passes to the 
origin of the vessels, or lacuna, which are only in part lined 
with endothelial cells. From here the fluid passes through 
the main connective-tissue spaces to the periphery of the 
lobule into the perilobular and perivascular lymph spaces, and 
When the 


injection is made through the bile ducts I have always found 


frequently from them into the blood capillaries. 


that there is an extravasation of the fluid from these at the 
periphery of the lobule which immediately enters the lymph 
radicals, although the hile capillaries are often injected well 
into the lobule. The extravasation does not take place from 
the bile capillaries, only from the duct as it communicates 
with the capillaries; also it does not take place from the larger 
hile ducts. Such extravasations naturally are picked up by 
the lymphatics and are at once carried from the liver. If 
after ligature of the bile duct the bile enters the perivascular 


lymph space within the lobule it may still be carried to the 
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lvinphaties, as the direction of the current of lymph is con- 
stantly from the blood capillaries to the lymphatics. 
It is well known that the liver cells arise from the em- 


bryonie bile ducts, and that in the further growth of the liver 


the bile duets must elongate in order to adjust themselves 
with the growing liver. Tlendrickson ” has shown by staining 
the bile capillaries and duets of the embryo’s liver by Golgis 
method that the tip of the primitive bile duct is added to by 
a coalescence of the bile capillaries at the periphery of the 
embryonic liver lobule. My own observation on the liver 
lobule after it is well formed is that whenever karvokinetic 
cell figures are present they are at the periphery of the liver 
lobule, i.e. at the junction of the bile capillary with the bile 
duct. Tt also appears that the vaseular walls of the embryo 
are much more pervious than those of the adult.'judging by 
the ease extravasation takes place when the blood-vessels of 
embryos are injected. This observation taken with that of 


the growth of the bile ducts may be an explanation why the 


extravasation of a fid injected into the bile duct takes place 


at the periphery of the lobule. A) further hint in this diree- 
tion is the observation that it is easy to inject the Lvinphaties 
from the blood-vessels of an inflamed area. [have often seen 
the lymphaties of an inflamed intestine filled with blood, ane 
upon injecting the blood-vessels found that the fluid readily 


entered the ly mphaties. 


"Hendrickson, Johns Hopkins Hospital Bulletin, [SOs 


See also Sigmund Maver, Anat. Anz, [St 


HOSPITAL BULLETIN. 


[ Nos. 121-122-123, 


That the capillaries of the liver communicate more freely 
with the lymphatics than do the bile ducts is proved hy in- 


jecting the bile duct and the portal vein with fluids of dif- 


ferent color under the same pressure at the same time. ty 
all the experiments I made the fluid injected into the vein 
appeared in the lymphaties first. In many instances beautiful 
injections of the Ivmphaties were obtained from the vein 
while the fluid injected into the bile duet did not extravasat 
at all, showing at least that the veins communicate with the 
lymphatics much more freely than do the bile ducts. 

The conclusions to be drawn from the above observatiois 
are (1) that the lymphatics of the liver arise from the peri- 
lobular Ivmph spaces and that these communicate directly 
with the perivascular lymph spaces; and (2) that the lymph 
reaches these spaces hy a process of filtration through open- 
ings which are normally present in the capillary walls of the 
liver, Furthermore, the fluid injected into the lymphatics 
from the bile duct leaves the duct as it enters the lobule and 
is at once taken up by the lymph radicals and perilobular 
lviph spaces, and from them extends, as a secondary injec- 
tion, te the perivascular lymph spaces, and often into the 
blood capillaries of the lobule. The larger lymphaties accom- 
panying the portal vein arise between the lobules near their 
bases, While those accompanying the hepatic vein do not arise 


within the lobule but around the larger sublobular veins. 


HORNS METHOD OF RECONSTRUCTION BY MEANS OF WAX PLATES AS USED IN THE 


ANATOMICAL LABORATORY OF 


By CHARLES 
Issoctale tn Anatomy, 


The wax-plate method of reconstruction (Plattenmodellen 


methode) deseribed by Born ji 


has proved of greai 
value in the study ef the morphology of embryos. The 
method has received its most extensive application in the 
hands of Born, of His and of various pupils of these investi- 


gators. In general, however, it may be said, that the value 


f this method as an aid to the microscopic study of form has 
not been sufficiently appreciated. 

In part this lack of a more general application of the 
method has been due to certain technical diticulties whieh 
tend to make it cumbersome and time-consuming. Yet by 


no other method car 


so accurate an idea be obtained of the 
form of those structures which from their minuteness or 
complexity of relation cannot well be dissected out. 
Considerable appleation of the method has recently been 
made by different persons in this institution and each worker 
has contributed something towards making the method more 


elTective. 


‘Morph, Jahrb. IL; Arch, f. mikr. Anat., xxii, p. 584. 


THE JOHNS HOPKINS UNIVERSITY. 
RusseL.L BARDEEN, 


Johns Hopkins University. 


\s originally described by Born several steps are essential 
for the successful application of his method. These may be 
tabulated as follows: 

\. Preliminary steps. 

|. Obtaining a good picture of the embryo or object to be 
reconstructed. 

2. Hardening, staining and sectioning the object. 

3. Drawing magnified enlargements of the seetions or such 
parts of them as it is desired to reconstruct. 

}. Preparation of the wax plates. 

» Transference of the image to the surface of the wax 
and cutting out the wax plates, 

B. Constructing the model. 

1. Piling the wax plates. 

2. Removing parts not essential to the reconstruction de- 
sired and rounding olf of the parts reconstructed, 

3. Strengthening and finishing the model. 

I shall consider these steps in the order named. 

A. Preliminary steps. 

1. Before proceeding to section the object to be recon- 
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structed . important to obtain good pictures of its external 


form. With such a picture at hand it is much easier to pile 


up the wax plates which represent the sections through the 
object. his is especially true when the object is svmmet- 
rical, as in the reconstruction of embryos, profile views of 
which are invaluable in this work. If the picture be enlarged 
to the magnification of the model desired a valuable control 


|. A series of parallel lines may then be drawn 


is furnishe 
through the picture to represent the planes through which 
the knife has passed in sectioning the embryo, so that the 
position of every plate is indicated. 

For general purposes photography is undoubtedly the most 
convenient method of recording the gross external features 
of the object. If the object be very small as, for instance, an 
early human embryo, the camera may be so placed that the 
image in the negative is enlarged from two to four diameters. 
It is found that the most convenient way of photographing 
embryos is to place the camera with the axis in a vertical 
direction and the lens pointing downwards. A stand for 
holding the camera in this position and raising or lowering 
it is easily constructed. Ordinary lead shot seems to be 
especially good for holding many small objects in the posi- 
tion in which it is desired to photograph them. 

For detail in the distant as well as the proximal part o/ 
the object it is a great aid to make use of a stand capable of 
being raised without moving the object laterally. In this 
way, if the diaphragin be closed down so as to make the 
exposure a long one, the object may from time to time be 
brought slightly nearer to the lens of the camera, so that 
parts more distant are brought into sharp focus. 

From the photographic plates thus obtained lantern slides 
are made or the negative itself is used to project the imag: 
at the required magnification upon a sereen. —Free-hana 
drawings are then traced on a paper upon which the imag 
falls, or, if desired, bromide enlargements can be made. In 
this way accurate records can quickly be made of the external 
appearance of the object to be studied, yet no special talent 
for drawing is required. In the study of embryos the profile 
view is the most essential one, though others also prove of 
great value. 

%. The only real essentials in the technique of obtaining 
serial sections of the object to be studied are that the series 
should he complete, the seetions perfect and of uniform thick- 
ness. As pointed out by Born, the most convenient sec- 
tions for this work are those from 20-40 microns in thick- 
ness. For sections of this thickness we have found aium 
cochineal to give uniformly the most satisfactory stain. It 
is important to know which side of the sections was upper- 
most during the cutting, so that in the subsequent reconstruc- 
tion a true and not a mirror image of the object will be 
formed. Vor this reason it is well to make it a uniform 
practice to begin at the head when cutting transverse sections 
through an embryo, at the right side when cutting longitu- 
dinal vertical sections, and at the dorsal side when cutting 
horizontal sections and to label the sections in the order in 
which they have been cut. 
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3. For making drawings of the sections we have found 
that in general a projection apparatus is more convenient 
than a camera lucida unless the sections are small. Our pro- 
jection apparatus is set up in a large dark room. 

The illumination is received from an are electric light or 
from a heliostat. An ordinary microscopic stand with the 
tube in a horizontal direction is used when the sections are 
small and a high magnification is desired. Eye piece and 
draw tube are usually removed and the objective is used as 
the magnifying lens. In case of larger sections a projection 
lens similar to that used for lantern slides is utilized. 

The image is projected upon a screen which runs on a 
track. 
microscope by means of windlass situated near by. 


The screen can be moved toward or away from the 
In this 
way any desired magnification can be quickly obtained by 


using an appropriate lens and bringing the screen into the 
proper position. 
The sereen which | devised for our dark room has attached 
a leaf which can be lowered so as to form a drawing table and 
a mirror that can be placed at an angle of 45° over the 
table. In this way the image is projected on a horizontal 
surface so that tracing it is easier than when it is upon a verti- 
cal surface. In using an ordinary mirror a double image is 
projected but that from the surface of the mercury is so much 
brighter than that from the surface of the glass that no diffi- 
culty is experienced in drawing accurate outlines. 
Fig. 1 illustrates the apparatus here in use. 


17 | 


Fig, 1.—At the right the projection screen is shown in position on 


the track. The mirror is lowered to an angle of 45° and the drawing 
table is extended horizontally below this. At the left are shown the 
windlass used for moving the projection screen and the shelf used for 


holding the projection lantern. 


In drawing pictures of the sections a careful outline of 
those main features which it is desired to bring out in th 
reconstruction is the great essential. In addition it is often 
of value to distinguish by using pencils of various colors the 
different organs in structures as they appear in the section. 

If desired, direct bromide enlargements can be made of the 
sections on the slides. This is the method preferred by His. 
The simpler method described above we have found, how- 
ever, to be more convenient for general purposes. 

The outline drawings may often be elaborated to any de- 
sired extent when the sections are subjected to careful micro- 
scopic study. It is a great help for the subsequent recon- 
struction to label, so far as possible, the various structures in 
the outlines of the sections before proceeding to the wax 
plates. 
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1. Much trouble in the preparation of the wax plates is to 
he saved by using plates of a uniform thickness and by mak- 
ing the magnification of the object under reconstruction cor- 
respond, ‘The most convenient thickness for general use is 
2 mm. Occasionally, for coarser work, mm. plates have 
proved of value. It is very easy, with the apparatus above 
described, to make the ratio of the diameter of magnification 
of the drawings to the diameter of the sections equal to that 
of two millimetres to the thickness of the section. If plates 
2mm. thick be used and every section be drawn, sections 
20 mm. thick 1/50 mm. must be magnified one hundred 
times. Or if desired, as is more often the case, every other 
section may be drawn at a magnification of fifty diameters. 

For making the wax plates we have a large zine pan with 
vertical sides. Its surface area is such that one kilogram of 
the wax mixture which we use will make a plate 1 mm. thick. 
The method of casting the plates is essentially that described 
by Born. Boiling water is run into the pan to the depth 
of several inches. On the surface of this the hot melted 
WaX mixture is poured and quickly forms an even, smooth 
laver. Bubbles, which occasionally appear in the wax, may 
he quickly exploded by turning the flame of a Bunsen burner 
on the surface of the wax where they appear. As the wax 
plate cools it is necessary to free it from the sides of the pan 
by running a knife along the edge. Before the plates are 
perfectly cool they may readily be cut into smaller plates of 
any desired size. 

The wax mixture in use here is composed of 950 parts of 
bees-wax and 50 parts of white rosin. Often, especially in 
summer, paratlin is added to give additional toughness. Black 
plates are made by adding lamp black to the melted wax, 
until after thorough stirring the mixture has become uni- 
formly black. ‘The amount by weight of wax necessary for 
a plate of a given size is obtained more easily by experimental 
trial than by calculation. A certain amount of wax becomes 
attached to the sides of the pan by surface tension, so that 
slightly amore wax must be used than the amount one is likely 
to determine by calculation from the specific gravity of the 
wax and the size of the pan. On the other hand if a pan 
of a given size be used the amount of a given wax mixture 
necessary for making a plate of given thickness may be deter- 
mined by a few trial castings. 

The outlines are transferred to wax by means of red or 
blue tracing paper. The wax plates are then placed upon 
glass and are cut with a small, narrow knife and in a warut 
room, 

B. Constructing the model, 

1. The janitor can be trusted to trace the outline drawings 
on wax, to cut through the wax with a sharp knife where the 
outlines are traced and to make the preliminary piling. 
Usually two preliminary piles are made, one of that part of 
the wax plates which represent the sections and one of the 
Wax plates themselves after removal of the parts repre- 
senting the sections, From the former a positive, from the 


latter a hollow negative image of the original object is ob- 
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tained. In this piling an enlarged picture of the object is of 
very great help. As originally suggested by Born, in case of 
symmetrical objects a surface outline may be drawn on card 
hoard and cut out, thus giving a fixed ridge against which to 
pile the plates. If but one side of any embryo is to be recon- 
structed from transverse sections it is of great help to cut 
each plate off sharply at the midline and to pile the plates 
against a profile outline of the embryo situated on a board 
which has been placed perpendicular to the plane in whieh 
the plates are piled, In case the reconstruction of some 
internal organ is wanted it is usually of advantage to re- 
construct at the same time the external form of the ob- 
ject, so that when the plates are piled the image they form 
may be compared with the picture of the original object. 
After getting the plates composing the positive image of the 
object into proper position, it is easy to trace two or thiree 
of its surface curves on paper or to represent them in. wire 
and then to get the negative formed, as described above, into 
true shape. Plaster casts can then be made in this negative 
mould. The plaster casts, representing the external features 
of the original object, are very valuable to have at hand, 
while engaged in reconstructing the internal features from 
the wax plates.’ 

The method of making every fifth plate a black one has 
proved to be extremely valuable in arranging the wax plates. 
In this way it is easy at any time during the reconstruction 
of the model to count up and place any given section. 

The method of reconstruction which L have found most 
convenient is as follows: After the plates are placed in 
proper position so that the external features of the objeet 
are accurately portrayed, L begin by taking off five plates from 
one side, The drawings of the sections | likewise have 
pinned together in groups of five in the same order in which 
the plates are piled. By going over the five finished draw- 
ings it is easy to obtain a good conception of the form of the 
structures represented in the block of five plates under con- 
sideration. Ll have at hand a paper of fine pins and these | 
press down through the various structures seen in’ section 
on the surface plate, and in such a direction that they will 
pass into the same structure in the sections below. Whien 
the parts of the plates which represent the structures to be 
reconstructed are thus firmly united by pins [ remove the 
intervening portions of the wax plate with a pair of force; s. 
Thus, in a very shert time, one is enabled to bring to ligh 
the form of the siructures lying within the block of five 
sections. The pins hold the various bits of wax firmly in 
place and serve to strengthen the model in every way. When 
I feel satisfied with the appearance of the structures in the 
first block of five sections | proceed to the next and treat it 
in the same way. Those structures which are cut in both 
blocks of sections may at the same time be pinned together. 
After two or three blocks of sections have thus been piled 
up it is often well before adding another block of five sec- 


Many methods have been devised of piling plates according to 
special marks. The method devised by Wilson, Zeitschrift fiir wissen- 


shaftliche Mikroscopie, xvii, 1900, page 177, seems a good one. 
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tions to fuse them together with a hot knife and thoroughly 
to strengthen the reconstruction so far as it is completed. 
For strengthening piles of narrow strips of wax, representing 
sections through membranes and the like, a wire netting is of 
the greatest value. Perhaps the best form of wire netting 
for general purposes is a copper netting with 10 strands to 
the centimetre. The copper netting has no tendency to 
cause subsequent warping, as is the case with iron netting. 
The netting is heated in the flame of a Bunsen burner and 
is then applied to the surface which it is desired to strengthen, 
In case of narrow columns, such, for instance, as are formed 
in the reconstruction of blood-vessels and nerves, copper wire 
is of the greatest value. This can be heated and sunk in at 
one side and then fused over. 

After the model is once well started the subsequent build- 
ing up can proceed with great rapidity. Plates in blocks of 
five are added as described above until the model is finished. 
Of course a greater or less number of plates than five may be 
used to a block. In most of my work, however, I have found 
blocks of five, with a black plate on the surface of each block, 
to give the most satisfactory results. 

In order to keep the various structures distinct during the 
reconstruction it is often of value to paint them with different 
colors, while the work proceeds. The various structures of a 
model built up as described may be removed as completed. 
or during the course of reconstruction, and then readily re- 
placed. Pins are of great value in holding structures in 


MODEL OF THE NUCLEUS DENTATUS OF THE CEREBELLUM AND ITS ACCESSORY NUCLEL 
By Harry A. Fow er. 


(From the Anatomical Laboratory of the Johus Hopkins University.) 


At the suggestion of Dr. Barker I have undertaken the 
study of the central gray matter of the cerebellum and its 
relations to the white fibre bundles to which it is intimately 
related. It has seemed advisable to make a partial report 
including a reconstruction in wax of the nucleus dentatus 
and its accessory nuclei. 

In a study of the internal structure of the cerebellum it 
is necessary to consider the work of Stilling on this region. 
To him belongs the credit of being the first to study the 
internal anatomy of the cerebellum by means of serial sections 
made in various planes and stained with dyes to bring into 
greater contrast the white matter and the gray masses. 
With the crude methods at his disposal for preparing serial 
sections and staining them, the drawings of Stilling show 
with remarkable accuracy the relations of these central nuclei 
to the white substance in which they lie buried and to which 
they are closely related. 

The Material—The model was made from a series of trans- 
verse sections through the medulla and cerebellum of a new- 
born babe prepared by Dr. John Hewetson in the Anatomical 
laboratory of the University of Leipzig. The material was 
hardened in Miiller’s fluid, cut 70” thick, and stained hy the 


place and for indicating where a structure removed must be 
replaced in order to regain its proper position. 

If it is desired at any time to cut the model in a given 
direction the pins which hold the pieces of wax. together 
may be readily cut with scissors. 


3. L have mentioned methods by which the model is greatly 


strengthened during the course of reconstruction, the use of 
pins, of wire netting and of wire. All three means may be 
employed thoroughly to strengthen the model after the first 
rough reconstruction. The wire screening is then especially 
valuable. Of course it is possible to add free hand and with 
a good deal of accuracy structures which from their delicacy 
are difficult to model. This is true of blood-vessels, nerves 
and of fine membranes. The blood-vessels and nerves may 
he readily constructed by covering copper wire with wax, 
the membranes by covering a netting of narrow meshes with 
a thin coating of wax. 

In rounding and smoothing up various structures ina 
model so as to give it a finished appearance, semi-melted wax 
applied with the fingers or with a spatula is of the greatest 
help, 

The model is greatly protected in many ways by a thick 
coating of paint. Hot weather seems to have a far less detri- 
mental effect on such models than on models unpainted. 

We have found photography of great help not only in re- 
cording the condition of the finished model but also, at times, 
during the course of a reconstruction. 


Weigert-Pal method. 
hence cach section represents a thickness of LO) microns. 


Every other section was used and 


A series of sagittal sections through the medulla and cere- 
bellum of a new-born babe was also prepared and treated in 
a similar way for use as a control in measurements and to 
furnish an outline of the floor of the fourth ventricle. This 
outline was used in building up the model. 

The Method.—Born’s method for making wax plates as car- 
ried out in this laboratory has been fully described by Dr. 
Florence R. Sabin.’ 
was decided upon, because (1) it gives a plate of convenient 


A magnification of twenty diameters 


size to work with so that the numerous foldings of the surface 
of the dentate nucleus can be distinctly outlined, and (2) the 
thickness of the plates—2.8 mm.—makes them easy to cut 
and convenient to handle—two points of considerable practi- 
cal value. Outline drawings were made first with a projection 
apparatus at a magnification of twenty diameters. These 
drawings were then controlled with a higher magnification 
before transferring them to wax plates. 

In building the model a real difficulty presented itself—the 


‘Sabin, Contributions to theScience of Medicine, and Johns Hopkins 
Hospital Reports, ix. 
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difficulty of controlling the curves. Inasmuch as the central 
nuclei of the cerebellum lie deeply buried in the white mat- 
ter of the hemispheres and worm one does not have the 
assistance afforded by external form in building up the model. 
In studying the sections it was noted that the dentate nucleus 
and accessory nuclei are bisymmetrical, and a prolongation 
of the raphe of the medulla dorsalwards bisected the cere- 
bellum, passing through the middle point in the roof of the 
fourth ventricle. Corresponding points in the nuelei of the 
two hemispheres were equidistant from the median line so 
drawn and from the middle point in the floor of the fourth 
ventricle. In building the model these two guides were used: 


(1) the median line which controlled the lateral curve, and 


Nunvm 


Nuts. 


| Nos. 121-122-123, 
to the lowermost (distal) section, in which the dentate nucleus 
appeared, was placed at a proper distance from the median 
line, 7. e. the edge of the board and the upright outline of 
the floor of the fourth ventricle, and fixed in place. The sue- 
ceeding plates were piled with reference to these two guides 
and the plates already piled, and each plate as it was put in 
proper position was fused with the plates already fixed. 
The outline of the nucleus dentatus is very definite and 
easily traced. The capsule or Vleiss (Stilling) on the out- 
side and the core or Markkern on the inside are both medul- 
lated and take the stain, thus distinctly limiting the yellow 
mass of cells composing the nucleus. The drawings could be 


very accurately made, In attempting to outline the accessory 


4 
Nu, a. mb. 
Nu.o.a.m. 
Fic. 1.—Transverse section of medulla and cerebellum (after Sabin, J. H. HL. Bo, No. Sl, December, 1807, Fig. 2.) Section at 


level of nucleus of glossopharyngeus and vagus nerves. Section also passes through apper part of the dentate nucleus and 


accessory nuclei. Long axis of nucleus is seen to form an acute angle, with the median line (formed by extension dorsally of the 


raphe bisecting the 4th ventricle and the cerebellum), with the angle opening toward the medulla. Dorsolateral surface of dentate 


nucleus is parallel to the surface of cerebellum. Corpus restiforme is seen to cover this surface. The accessory nuclei appear 


separated and broken up by the white medullated fibres. Variations in thickness and foldings of walls of the dentate nucleus 


also well shown. Hilus opens medial- and ventralwards, 


(2) the outline of the floor of the fourth ventricle which con- 
trolled the dorsoventral curve. In the sagittal series the 
section passing through this central point in the floor of the 
fourth ventricle was selected and an outline of the longitu- 
dinal curve of the floor was made. A flat surface having one 
straight edge was then obtained. This edge corresponded to 
the median line. ‘To this edge was attached the outline of 
the floor of the fourth ventricle, already described, at the 
proper angle corresponding to the angle at which the sections 


were cut. With these two guides fixed the plate corresponding 


nuclei, however, one meets with a real difficulty. This applies 
particularly to the nucleus globosus and the nucleus of the 
roof. The nucleus globosus instead of forming one mass of 
gray matter is made up of several irregular groups of cells 
separated by deeply stained medullated fibres belonging to 
the fibre systems of this region. These separate groups are 
clearly limited with a magnification of twenty diameters, but 
when studied under higher powers one finds cells evidently 
belonging to these groups scattered among the dense network 


of deeply stained fibres. 


In studying the nucleus globosus 
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through several consecutive sections under high powers one 
gets the impression that the separate groups seen with a 
magnification of twenty diameters really form one nucleus; 
that this large mass of cells is separated into groups by the 
white fibres plunging directly through the nucleus; and this 
impression is further strengthened by noting the cells seat- 
tered among the fibres, included as it were by the bands of 
white fibres. 

In outlining the nucleus of the roof one meets with the 
same dilliculty. In going over these two nuclei with a high 
power to correct the drawings for transference to wax I had 
to include the seattered cells referred to. I did this by 
making the nuclei solid, not attempting to indicate the space 
oecupied by the fibres, 

One other point is to be noted. The so-called accessory 
nuclei, 7. ¢. N. emboliformis, N. globosus and nucleus of the 
roof, are usually described and figured as entirely separate 
and distinct cell-mass. In this series of sections of the new- 
born babe, with the exception of the N. emboliformis, it has 
heen diflicult, indeed impossible, at certain levels, to separate 
these nuclei. The N. emboliformis forms a perfectly definite 
cell-group, in the lower (distal) sections, appearing as a thin, 
tongue-like ribbon of cells almost entirely occluding the hilus 
of the corpus dentatum, Sections at the level of the middle 
of the nucleus show it changing its shape, suddenly becom- 
ing thicker and shorter, but clearly separated from the corpus 
dentatum on one side and the nucleus globosus on the other 
side by thin, deeply stained bands of white fibres. The 
nucleus globosus ‘also appears as a definitely limited and 
separate group of cells in the lower (distal) sections, appear- 
ing in sections a little above the beginning of the hilus of the 
corpus dentatum as a small oval area of gray matter. At a 
higher (proximal) level this oval mass is divided, as already 
indicated. At the highest levels it is not to be separated 
from the nucleus of the roof. 

Corpus Dentatum.—It is embedded in the cerebellar hem- 
isphere “like a peach stone” (Stiiling). The distal end lies 
more deeply buried in the white substance; the proximal end 
approaches closely to the roof of the fourth ventricle, from 
which it is separated by a thin ribbon of white substance. 
Horizontal sections of the nucleus, as pointed out by Ober- 
steiner, do not show the greatest diameter of the nucleus. 
This appears in sagittal sections. 

The dimensions of the model of dentate nucleus are as 
follows: 

1. Proximo-distal (sagittal), 19.8 em. 

2. Mesolateral, (in axis of nucleus and notat right angles to median 
line), 19.4 em. 

3. Dorsolateral, (perpendicular to mesolateral axis), 7.8 em. 

Remembering that the longest mesolateral diameter forms 
an acute angle with the median line with the angle opening 
ventralwards one will understand the measurements given. 

The nucleus dentatus is really a hollow shell or sae with 
its long axis directed antero-posteriorly (proximo-distally). 
This shell is flattened dorsoventrally or at right angles to its 
mesolateral diameter. The walls, which vary in thickness 
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from 0.3 to 0.5 mm., are thrown into numerous folds also 
varying in number and size in different parts of the nucleus. 
The folding of the walls gives to the surface an appearance 
not unlike the surface of the cerebral hemispheres or to the 
gyri and sulci of the inferior olive. The shell of gray matter 
is not closed but freely opens above (proximally), while the 
ventral and mesial walls are incomplete in the anterior (proxi- 
mal) two-thirds of the nucleus. This opening in the walls 
forming the so-called hilus—hilus corporis dentati—looks 
median-, ventral- and cerebralwards. In the distal one-third 
of the nucleus the walls are complete and in transverse sec- 
tions appear as oval closed rings or ring of gray matter. 

The hilus in the more distal sections opens directly median- 
wards; in sections at a higher level (cerebralwards) the open- 
ing increases rapidly in size, the ventral wall becoming less 
complete, while the dorsal wall forms a complete covering. 
As a result of this progressive shortening of the ventromesial 
wall the hilus comes to open wider and wider ventralwards. 
This direction is further emphasized by the relation of the 
nucleus emboliformis. In the most distal sections lying 
within the mouth of the hilus it is in very close relation with 
the dorsolateral border, indeed in the distal sections it may 
be considered as a continuation of the dorsolateral surface on 
to the mesial surface, being separated by a very thin band of 
white fibres. This relation continues throughout the entire 
length of the nucleus, there being only a thin space of sepa- 
ration through which pass the most dorsal fibres escaping 
from the Markkern of the nucleus dentatus. 

In addition, the dentate nucleus presents for description 
two surfaces, (1) dorsolateral, and (2) ventromesial; and four 
borders, (1) mesial, (2) lateral, (3) proximal, and (4) distal. 

Dorsolateral Surface-—This is the largest surface of the 
nucleus (Fig. 2). It is irregularly quadrilateral in shape 
and lies parallel to the surface of the cerebellar hemisphere. 
The lateral and antero-posterior (proximo-distal) curves are 
slight, the surface being quite flat. In this connection it is 
interesting to note that a portion of the corpus restiforme lies 
over this surface of the nucleus, forming a shell enclosing 
the dorsolateral surface. This surface terminates mesially by 
a sharp thin border in its upper (proximal) two-thirds, by a 
rounded mesial border in its lower (distal) one-third. Later- 
ally it is limited by the thicker, irregular and rounded lateral 
border. 
median line an obtuse angle opening spinalwards. The distal 


The proximal border also thin forms with the 


border is parallel to the proximal, is thick, rounded and is 
broken into by deep sulci. By reference to Fig. 2 it will be 
seen that the lowest sections of the nucleus includes only the 
mesial portion of this border. 

The dorsolateral surface is traversed by five parallel deep 
fissures, which run parallel to the long axis of the nucleus. 
Beginning with median line these may be designated as 
A, B, C, D and EF. These fissures divide the surface into 
six columns or gyri. Besides these five primary fissures there 
are five secondary sulci, which are shallower and incompletely 
divide the primary columns or gyri into secondary gyri. By 
reference to Fig. 2 the following points will be noted: Fissure 
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A is parallel to the mesial border, it is relatively deep and 
its corresponding gyrus on the inner surface of the nucleus 
looks lateralward (Fig. 3). The proximal end of fissure A 
curves laterally. Fissures B and C’ present three curves, the 
proximal and distal with convexities pointing mesially, the 
middle with convexity laterally. Fissure C is incomplete, its 
proximal end not reaching the proximal border. —Fissures 
DPand # form acute angles with fissure C with their proximal 
ends pointing obliquely medialwards. It will also be noted 
that the distal extremities of the columns or gyri are larger, 
thicker and divided by extension on to this surface of the 
fissures from the ventromesial surface. The deep fissures of 


the ventromesial surface alternate with the fissures on the 


dorsolateral surface. An exception to this is in fissure D, 
Which is really an extension on to the dorsolateral surface of 
the lateral fissure of the ventromesial surface. ‘There is no 
evidence of distinet lobulation visible on this surface. 

The secondary sulci are limited chiefly to the three gyri 
nearest the median line. In other words, the folding of the 
dorsal wall of the nucleus is greatest nearer the mesial and 
proximal borders; it is thickest nearer the lateral and distal 
borders, 

Verlrolateral Surface—This surface is incomplete in its 
upper two-thirds. It differs markedly from the dorsolateral 
surface. [It presents twe deep fissures radiating from a point 
near the hilus about the level of the middle point of the 
nucleus. These fissures may be designated as (1) internal 
and (2) lateral. Within the internal fissure and nearly coy- 
ered over by its projecting edges is a gyrus, broad at its base 
(distal end) and tapering above, becoming lost in the most 
proximal part of the fissure. This gyrus, partly concealed 
within the internal fissure, divides this fissure into two, both 
of which extend so as to appear on the dorsolateral surface. 
These two fissures, internal and lateral, of the ventromesial 
surface, divide this surface into three lobes, (1) internal, (2) 
median, and (3) lateral. The internal is the smallest and 
continues below the hilus on to the mesial border, being 
distinetly marked off from this border by a shallow sulcus. 
This lobe is broad at its proximal end, tapering off distally. 
The median lobe, broad at. its base—distal end—narrows to- 
ward the point of divergence of the two fissures, internal 
and lateral. The internal and median lobes form the most 
distal part of the nucleus as viewed from its ventral aspect. 
They slope with a considerable curve to meet the almost 
perpendicular dorsolateral surface. They present no secon- 
dary sulci. 

The lateral lobe is the largest. It forms the lateral border 
and extends on to both dorsolateral and ventromesial sur- 
lies lateral to fissure 2, while on 
This 


lobe is most irregular in outline, is broken up by numerous 


faces. On the former it 


the latter it is limited mesially by the lateral fissure. 
depressions and several secondary sulci. One of these sulei, 
more conspicuous than the others, runs parallel to the upper 
two-thirds of the lateral border. 

The upper two-thirds of the ventromesial border is ineom- 
plete; the margin is very irregular as will best be understood 
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by reference to Fig. 3. In general, it may be said that this 
surface, as compared with the dorsolateral, presents (1) deeper 
fissures, which give the appearance of lobulation, (2) thicker 
walls, and (8) fewer foldings of the walls. 

The proximal end of the nucleus being open this border 
is limited to the thin edge of the dorsolateral surface, and 
the very small part of the ventromesial surface. This border 
slants obliquely spinal- and medianwards. The other bor- 
ders have been referred to in describing the surfaces and the 
hilus. 

The Accessory Nuclei.—The form and outline of the acces- 
sory nuclei, te. the nucleus emboliformis, nucleus globosus 
and nucleus of the roof, have been already referred to. 
Figs. 5, 6 and 7 show these nuclei in relation to the dentate 
nucleus. In Figs. 5 and 7 the nucleus emboliformis is seen as 
a long thin sheet of gray matter separated from the dorso- 
lateral surface of the nucleus dentatus by a narrow space 
already described. Its most distal end nearly oecludes the 
hilus corporis dentati (Fig. 7), while proximally it changes 
its form, becoming thicker and shorter, encroaching less on 
the hilus. It will also be noted (Pig. 5) that its axis changes; 
at first running dorsoventrally in its distal extremity, it comes 
to lie more laterally in its proximal part, corresponding in 
direction with the dorsolateral wall of the dentate nucleus, 
This nucleus 
length, being the most definitely outlined of the accessory 


is practically separate throughout its entire 


nuclei. 

The nucleus globosus (Fig. 5) is also seen as a distinct 
oval mass of gray matter in its distal portion, beginning a 
little above the appearance of the hilus. In its proximal end 
this nucleus is represented as fused with the nucleus of the 
roof (Figs. 5 and 7). 

The nucleus of the roof appears in the reconstruction as 
a large irregular mass, distinct in its distal portion, becoming 
The 


outlines of this nucleus are indefinite in this series, its ven- 


fused with the nucleus globosus in its proximal portion. 


tral surface being in very close relation with the gray matter 
of the roof of the fourth ventricle. 


DESCRIPTION OF PLATES XXIX-XXX. 


Fie. 2.—View of dorso-lateral surface of model of N. dentatus. 
Proximal end corresponds to top of figure; median line is to left. , 
mesial border; 7, lateral border; A, 4, C, D, #, are placed over 
primary fissures ; , de, over secondary sulci; sf, is extension on 
to dorsolateral surface of the internal fissure of the ventromesial 
surface. 


a, 


Fia. 5.—View of ventromesial surface of model of N. dentatus. 
Median line to right. JZ, internal fissure; Z, lateral fissure; (, internal 
lobe; m, median lobe; 7, lateral lobe; //, hilus. 

Fria. 4.—View of mesial border of same at right angles to median 
line. Relations of hilus to dorsolateral and ventromesial walls are 
shown. Distally the hilus is narrow, increasing rapidly as one passes 
cerebral wards. 

Fie. 5.—View of mesial border of N. dentatus with accessory nuclei 
in place. 

S, nucleus emboliformis; @, nucleus globosus; R, nucleus of the 
roof; o, narrow space through which escapes most dorsal fibres from 
Markkern. 


Fie. 6.—View of dorsolateral surface of same. Legend as in Figs. 
2 and 5, 
Fig. 7.--View of ventromesial surface of same. Legend as in Figs. 


8 and 5. 
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PLATE XXIX, 
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PLATE XXX 
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1.._The follicular 
arti and its capillaries. 
On the long capillaries 
is secn to join a venous 
cal ry in the periphery 
of follicle; on either 
sid f the follicle small 
veil reseen, Transverse 
sections of several veins 
art » seen. 
Measurements: artery 
dividing, 41° mi- 
crons; and capillaries from 
Sto licronsin diameter 


artery. 


Fic. 5.—Two follicles with their veins. The follicle on the right shows a portion of a 
follicular artery entering the centre of the follicle. Below the proximal end of the follicle 
an artery is seen running parallel to the surface of the gland to turn toward the proximal 
end of the follicle; here it is lost. 


Fic, 


Measurements: 
microns: 


Fig. 4. 


PLATE XXxXi. 


~The origin, course and distribution of a long follicular 


at origin, 54 microns; and before dividing, 31 
capillaries in follicle, from 7 to 8 microns. 


Fie. 3.—An artery arising some distance below the 
proximal end of a follicle, running toward the follicle to 
turn at a right angle and run to the centre of the 
proximal end of the follicle; here it again turns at a 
right angle to enter the follicle, where it divides in the 
usual manner. 


A double arterial supply to the follicle. 
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Fig, 6.—Long curyed capillaries, ¢, near the periphery 5?) 
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USE OF THE MATERIAL OF THE DISSECTING ROOM POR SCTENTIFIC PURPOSES. 


By CuaARLES RUSSELL 


BARDEEN, M. D., 


Issociale in Anatomy, Johns Hoplhins University. 


I here, in a recent article, has called attention to the 
opportunities that the dissecting room offers for scientific 
nvestication. He gives an interesting summary of the vari- 
ous attempts that have been made to take advantage of thes 


ties, and calls particular attention to the records ob 


opportl 
tained by Schwalbe at Strassburg, by Cunningham at Dublin, 


and the Anatomical Society of Great Britain and Treland. 
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It has seemed to me that the methods employed to utilize 
the material of the dissecting room and the work of the 
students for scientific purposes in Professor Malls laboratory 
it the Johns Hopkins University, Baltimore, may preve o! 
hterest, possibly of value, lo those engaged elsewhere in 


anatomical instruction. 


The immense amount of study that has been given to the 


structure of the human bedy during the last four centuries 
renders it unlikely that the student’s untrained eve and hand 


could be utilized to advantage in a search for unrecorde ! 


Morphologisches Jahrbueh, 


facts of gross structure even if time permitted him to delve 
in those litthe nooks and corners where the records are still 
incomplete, The very considerable amount of variation, 
however, which the individual bodies present in the structure, 
form and relationships of their various organs, offers a rich 
field for cultivation. 

Since the time of Darwin much attention has been given 
to the study of variations in plants and animals. The greater 
part of the attention, however, has been given to external 
features, to variation in size, color, and external form. Few 
studies have heen made of the frequency of variation in the 
internal organs. Yet probably the bedy of no animal ts 
more suited to this study than that of man and none ts 
studied with care by so great a number of individuals each 
Vear, 

Until comparatively recently the variations brought to 
lieht hy the dissector have been recorded only when of an 
unusual nature. These observations, however, have been so 
numerous that we may assume that most of the variations 
likely to be brought to light have previously been recorded, 
While the limits of variation of the various organs of the 
body are thus fairly well understood, the frequency of varia 
tions has been determined but for few organs and for them 
only incompletely. The true “normal” or “mest usual” 
is unknown.  Tlenle, in his anatomy, pictured that as normal 
which his experience led him to think the most usual. Most 
No two 


hooks, other than compilations from similar sources, give th 


of the other leading anatomists have done likewise. 


same account of the normal form of the various organs. The 
great opportunity which the dissecting room offers is that 
of determining the curve of frequency of the various forms 
presented by bodily structures, and thus to make the norma! 
a question of measurement rather than one of judgment. 
To render this possible, accurate records of the conditions 
found in each body must be made, of such a nature that they 
may he afterwards compared and reduced to tables. 

The method of record thus hecomes a question ol puira 
mount Tnportance, 

In the Anatomical Laboratory at the Johns Hopkins Un 
versity the first attempts at mnaking svstomatic records of 
conditions of structure revealed at the dissecting table were 
hegun in the fall of 1895. It was determined to make a 
study of the variations in the distribution of the cranial and 
spinal nerves, especial attention being paid to the cervico 
brachial and the lumbosacral plexuses. At the instigation of 
Professor Mall, Dr. A. W. Fitine, at that time Assistant in 
Anatomy, prepared three record-charts, one for the nerves 
of the head, one for the nerves of the neck, arm and upper 
half of the thorax, and one for the lower half of the body. 


On these charts a record was made of the sex, color, and age 
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as well as of the nerve distribution in the body of the indi- 
vidual dissected. The scheme for recording the latter was 
as follows. On separate successive lines the numerical desig- 
nation of a given cranial or spinal nerve was placed, followed 
hy a list of the names of the nerves toe which the given main 
nerve trunk was assumed to contribute. In the preparation 


of this table the standard anatomies were consulted. A) few 
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The students were requested to compare carefully (he 
nerves in the part dissected with the outline scheme, to 
underline the names of these nerves which were found to 
correspond with the scheme. to cross out the names of the 
nerves which did not thus correspond, and to insert) these 
names the proper place. Complex conditions, such for 


instance as are found in the cervicobrachial and the lunibo- 
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lines from the Cervicobrachial Chart may sutlice to make 


clear the general nature of this scheme: 


Cc. VE. ANT-BR. SUBCLAVIUS. SUPRA 
scarp. Com. C. 


©... Post-BR. COM-PosT, CORD, 
Outer Cord. Musc-cut Cor-brach. Biceps. Br-aut. Post. 
OUTER-HEAD-MEDIAN, 5 Digitals. 


Inner Cord, Post. Cord,  Sun- 
scaps.—lUpper. Middle. Lower, Art. Muse. 
SPIRAL. Vase. Muse. RADIAL. — 
Int-bys, 4. Art. Com. DT 
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sacral plexuses, were illustrated by diagrams drawn on the 
hacks of the charts. 

These outline schemes were well arranged and theoretically 
should have worked well. Yet they did not prove a success 
in the hands of the students. The suggestion induced by 
print seemed continually to lead the student into reading 
the scheme into his “part.” The task of verifying the 
charts thus became a severe one. Another difficulty came 
from the fact that names can mean little so long as the 
“normal” is unknown, While the larger nerves are so con- 


stant in position that the names current in the text-books 
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could without confusion it was found that many of of the front of the thigh; one for the sacral plexus; one for 
the sma rves could be definitely recorded only by attach- the perineum: one for the back of the thigh, ete. in all 26 
ing as | definition to the name. The i/tohypogastri: charts. Separate charts are used for the right and left sides 


and the ocvilocruraé nerves may be mentioned as examples, 


The val 


diagranis 


1! these carlier charts lies rather in the illustrative 
the plexuses placed on the backs of the charts 


than in records made on the tabulation schemes, 


In the 


of these 


lof undertook the immediate supervision 


cords. 1 discarded to a considerable extent the 


wvinted schemes. The students were encouraged 


use of 


he distribution of the nerves by making free-han! 


to recor 


of the hody. 

In these diagrams the bones and the surface outline of the 
hody after the removal of the skin and the superticial fascia 
are indicated by fine lines printed in brown ink. ‘The seale 
of the charts varies from one-half to full life size. according 
to the region to be charted. In this way the general average 
proportions of the various parts of the body are furnished 


the student. Marked variations from these proportions can 
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Fig. 3. 


digrammmatic sketches to illustrate the conditions found in 


ie parts dissected. Many of the drawings thus made were 


well executed. Yet few of the students are suflicic ntiv skill- 


ful draughtsmen to make even these simple sketches without 


i great expenditure of time. | therefore devised a set. of 
‘imple outline diagrams on which the nerve distribution can 
be recorded. These diagrams are arranged for the various 


parts of the body. Thus there is one for the abdomen, which 


can be used cither for the nerves of the abdominal walls or 


lor the lumbar plexus (see Figs. 1-3); another for the nerves 


readily be indicated by changing the faint outlines of the 


skeletal scheme. After removing the skin from a given part 
of the hody the student draws on the appropriate diagram the 
course of the superticial nerves as he finds them running in 
When the muscles have been dissected out the 
Muse les and 


other structures are drawn in to show the general relations of 


the faseia. 
nerve supply of the various muscles is charted, 


lhese charts have been published in pamphlet form; + Outline Record 


Charts.” The Johns Hopkins Press, Baltimore, 1100, 
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the nerves. The best records have been obtained when the wnples mav be given. Fig. | represents the outline diagram 
student has attempted to record only a few simple conditions used for the abdomen and the lumbar region. Pies 2 shows 
onoaosinele chart. Thus in charting the nerves of the front the distribution of the main ventral trunks of the abdon 
of the thigh separate charts are used te record the distribu- nerves as dissected out and recorded In two students. Fie. 3 


represents the lumbar plexuses and the distribution of the 


“border nerves” found in the same The latera 
branches of the abdominal nerves are shown in another chart 


(Fie. 4). 


—> 


OF course one cannot hope to vet trom students the co 1) 


plete ana accurate records whic one could vel Perse ial 


yy dissection. Tt is only rarely that perfectly satisfactory records 
, oi are obtained of the peripheral distribution of all the nerves, 
On the other hand. it would be plysical impossibility. by 
\\ personal dissection to get the same number of records in thi 
\ N SP of time. Mistakes are more likely to be thos ol 
omission than ofa positive nature. ‘The student may destroy 
Aj 204M Spr some fine nerve twig before it las been seen by an instructor 


yr 
thi 


| and thus it may escape record. The conditions that 


| average student finds and records are, however, of great value. 


Thus only may we hope te get that large number of records 


Shr from whieh a curve of frequeney may be determined. 
/9™ Sia In addition to the outline diagrams have devised a simple 
printed scheme for keeping record of the race, sex, awe, <ize, 
oe j skeletal peculiarities and marked variations from the normal 
A \ Ny | 2y* N in the various organs of the body. “Phis latter set of records 
| \ / is made out the instructor who verifies the charts. 
Tamer The verification of the charts is one of the most Toportant 
j features of the undertaking. Without careful verification by 
vd one man whe vives his time in the dissecting room: mainly, 


if not wholly. to this task the charts can be of little valu 


\ctive co-operation on the part of all the instructors and 
of the students in the dissecting room is also essential. 

The conditions which at present prevail our medical 
department render it also perhaps more than usually easy to 
vet the co-operation of the students in carrying out werk ol 


this kind. The standards of admission to this school bring 


us aomuch more highly trained class of students than thos: 


ustally found entering the average \merican medical school. 
Fie. 4 
On the other hand, the routine of a graded course, while 


tion to the musele, to the rectus musele, to the deep inferior as a method of education to that freedom of chet 
erlensor muscles. to the adductor longus muscle and the Which marks the German university, renders it much easier 
to the adductor brevis muscle. and to the adducto to win the co-operation of the students in this work. The m 5 
magnus and eclernal obturator museles. number of students dissecting each vear since the beginning 

‘o illustrate the method of using these charts a few ex 


of the undertaking las averaged about one hundred. 


ON THE DEVELOPMENT OF THE HUMAN DIAPHRAGM. 
By FRANKLIN P. MALL, 
Professor of Anatomy, Johus University. 


In paper on the development of the another, hecnuse the SHecimens al disposal lid hot include 


shed several vears age, | was not able to give a detailed all the necessary stages. For that study [used 19 human 
description of the separation of the body cavities from one cmbryes between 2 and 21 min. long, in which various stage 


olf the development of the hody-cavities were shown, but a 


Mall, Jour, of Morph., vol. 12, 1807 of the stages were Inissing. 
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During the past three years the collection of human en 
hrvos anatomical laboratory has grown very rapidly 
and all missing stages for the study of the formation of 


the body avities have heen supplied, The following table 


of these embryos. It will be seen from it that 


vives il 
TABLE OF EMBRYOS. 
Time 
between the : 
on Direction 
No ength in ot the From whom obtained, 
mm. period and section, 
the abortion. 
$1 days Transverse Dr. Ellis, Elkton, Md. 
Dr. MacCallum, 
Baltimore 
CXLVIII 1.53 SS days Dr. Hoen, Baltimore 
LXXVI. 1.5 Dr. Mitehell, Chicago. 
LXXX Dr. Branham, 
Baltimore, 
(XXXVI days Sagittal Dr. Campbell, 
Halifax, N. 3. 
CXVI. days “ Dr. Ryan, 
Springtield, 11 
i days Transverse Dr. C. Miller, 
Baltimore. 
CE... Sagittal Dr. Gray, Washington. 
weeks Transverse Dr. Lamb, Washington. 
10 Savittal Dr. Gray, Washington. 
. Transverse Dr. Cushing, 
Baltimore 
14 Savittal Dr. Watson, 
Baltimore. 
Baltimore. 
LAXIV.. Transverse Dr. Irving Miller, 


Baltimore. 


the series from 2 mm. upward is very complete with the ex. 
ception of stages between 11 and 14 mm. long. Fortunately, 
the missing stages are not important. All the embryos given 
in this table are practically perfect, the imperfect ones having 
heen excluded. "The present study is based upon 15 embryos, 
only 3 of which are included in the 19 specimens considered 
in the earlier Communication, 

lt has often been stated that the development of th 
laphragm. especially in the human embryo, is one ol 
the most difficult problems of embryology, party because 
of the difficulty in obtaining the necessary specimens and 
partly because there are no fixed points from which to caleu 
late. In its development the whole diaphragm wanders from 
the head to the abdomen, passing by as well as modifying 
the structures and organs along the way. Se, while von 
Baer recognized that the diaphragm wandered in its develop 
ment, picking up its nerve in so doing, a fairly clear picture 
of the whole process was not given until His studied carefully 
the development of the neck, heart, lungs and intestine. In 
his studies His recognized the Anlage of the diaphragm ina 
of tissue located with the heart amongst structures 
helonging to the head and containing within it the veins te 


the heart as well as the .tnlage of the liver. This mass o! 


lisse His termed the septum transversum. studies 


were made upon the human embryo, mainly by the method of 
reconstruction, and shortly after they were published Uskow 
made a very careful study of the further growth of the septum 
transversum. Uskow recognized the great importance of two 
additional structures in the formation of the pericardinm 
and adult diaphragin from the septum transversum,; these he 
termed the ricardial membrane, containing the 
phrenic nerve, and the pillars which form the dorsal ends o! 
the diaphragm. The pillars of Uskow have been termed the 
pleuro-perttloneal membranes by Brachet, and as the latter term 
is more appropriate than the former LT shall employ it in the 
present paper, 

My own studies show that the pleuro-pericardial and pleure 
peritoneal membranes arise from a common structure, whiclt 
extends from the lobe of the liver along the dorsal wall of the 
ductus Cuviert to the dorsal attachment of the mesocardium 
Later this structure grows towards the head to complete 
the pleuro-pericardial membrane and then towards the tail 
to complete the pleuro-peritoneal membrane. ‘This structure, 
which | shall term the pulmonary ridge, is located in’ the 
sagittal plane of the hody-cavity with cephalic and caudal 
horns on its dorsal side. The ductus Cuviert lies between 
these horns (Fig. 29). 

The purpose of this paper is to follow carefully the fate 
of the septum transversum and the origin and fate of the 
pulmonary ridge in the human embrve. In so doing it is 
ot course hecessary to consider the division of the hody-cavity 
Accord 
ing to Tis, the body-cavity in carly embryos is divided int 
the Partelathohle and Rumpfhohlen. The communication be 


into the pericardial, pleural and peritoneal cavities, 


tween these spaces he has also termed the recessus parietalis 
The parietal cavity from its earliest appearance contains the 
1 shall 


portion of the recessus 


heart and is destined to form the pericardial Cavity. 
term it the pericardial celom, 
parietalis forms the pleural cavity; it surrounds the lung 
bud throughout its development and shall term it) the 
pleural cwlom, The remainder of the recessus  parietalis 
to the origin of the liver has developed in it the liver and 
stomach; this is added to the general peritoneal cavity and | 
shall term it the peritoneal coelom. In the early embryos 
the whole celom lies far out of place; in Embrve nearly 
the entire celom lies in the region of the head and neck and 
in the further development of these parts the caelom with the 
surrounding organs wanders away from the head to its per 
manent location. As long as the serous cavities arising from 
the cvlom are in the process of wandering and are not fully 
separated from one another T shall term them pleural, peri 
cardial and peritoneal coelom: when they are fully established 
I shall call them cavities. 

In NIT, Fig. 1. the caelom of the embryo forms a 


free space enciicling the heart and extending on either sid 


of the over the omphato inesenterie verns to the root o 
the umbilical vesicle. This canal of communication has de 
veloped within it the lung, stomach and liver, and throughou 
its earlier development it measures in length about one-fourth 


of that of the body (Embrves NIL, LXNVI 


| 
$ 
| 


160 JOHNS HOPKINS 


The appearance of the lunge and 
liver marks the subdivision of the caelom: into the pleural and 
peritoneal coelom. With the deve lopment of the liver, lune 
and stomach the caelom containing them gradually dilites 


until the embrye is about 9% mim. long, when the canal 


soto speak, and turns the liver stomach 
out inte the general peritoneal cavity. ‘Phe Woltlian body, 
Whieh occupied the dorsal wall of this) canal, gradually 
degenerates and the lung takes its place. From these state 
ments itis readily inferred that the canal extending from: the 
pericardial caelom, recessus parietalis, vives rise to th 
pleural on its dorsal side and to the peritoneal coelom 
moits ventral side. Phe line of division ts formed by the 
Heure-peritoneal membrane extending from the  duetus 


Cuviert to the adrenal. 


” 
1.—Protile reconstruction of the embryo 2.1 mm. long, No. XII 
times; amnion; v7, optie vesicle; a7, auditory; vesicle +, 


umbilical vesicle; 4, heart; row, omphalo-mesenteric vein; sar, sep- 
tum transversum; 0, third occipital myotome; (,, eighth cervical 


mvotome, 


The earliest embryo in my collection in which the septum 
transversum is well formed is No. NII. 2.1 mm. lone, and 
about two weeks old. The specimen is very valuable for the 
study of the beginning of so many structures that it alse 
hecomes a good starting point for the study of the develop- 
ment of the diaphragm. 

Figs. | and 2 give the external form and outline of the 
neural tube and alimentary canal drawn from a reconstruc- 


tion. It is seen that the coelom sends two canals into the 


Ditlerent pictures of this embryo will be found in the Journal of 
Morph., vol. 12; His's Archiv, 1807; Johns Hopkins Hospital Bulletin, 
ISS; and the Welch Festschrift, Johus Hopkins Hospital Reports, 


vol, 
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head on either side of the neck which communicate with cach 
other in the immediate neighborhood of the mouth, lis 
U-shaped canal is separated from the exoceelom on its ver ral 
side ny il bridve of mesodermal tissue connecting the un ili- 
cal vesicle with the embrve at the juncture of the head with 
the amnion. It follows that this bridge of mesodermal tissue, 
the septtun transversum, is also U-shaped. as is shown in 
band 2.87 and WR. It forms a portion of the ventral 
wall of the pericardial caslom and supports the omphato- 
mesenteric and umbilical veins. Seetions of it are shown in 
Figs. 3. band 5. which are from three sections through the 
head end of this embryo in the neighborhood of the first 


s shown in 


cervical mvyotome. The clelage of the liver 
hie. bowhich is located in this stave Ina region belonging to 


the head. 


“aw 


Fig. 2.—Partial dissection of the reconstruction of the embryo %.1 
mm. long. No. XID x 37 times; aw, amnion; m, mouth; Br’, br’, 
first and second branchial pockets; ¢, thyroid; p, pericardial coelom 
sf, septum transversum; /, liver; #7, umbilical vesicle; #¢, neurenteric 


canal. 


Figs. 6 to 9 are from an embryo (CLNIV) slightly more 
advanced in development than No. NIL. The embryo is from 
an ovum measuring 17x 17x 10 mm., found in the uterus 
ato an autopsy, When the uterus was cut open the knife 
entered the ovum and possibly distorted the embryo, for when 
it came into my hands it was found that the embryo was 
floating in the cavity of the ovum but it was still adherent 
to its walls. This mechanical injury undoubtedly caused the 
body of the embryo to straighten and at the attachment of 
the umbilical vesicle the body ef the embryo is bent towards 
the ventral side, as is the case in a number of the His cm- 
brvos (for insianee, BB). The ventral wall over the heart 
was also slightly tern, The entire uterus and ovum had been 
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presery nice for 24 hours, and when it was given to me 
hy Dr Callum the entire specimen was placed in strong 
formal The sections of the embryo show that the tissues 
ire slig macerated but in general they are well preserved. 
The sp cord is closed throughout its extent) but. the 


neuropore is still open. "Phe thyroid gland. optie otie 
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Fig, 3.—Section through the head of the embryo 2.1 mm. long. No. 
XII 5O times; eve, 


transversum: #7, umbilical vesicle. 


coelom;, ph, pharynx; liver; sf, septum 


vesicles, heart and veins, are but slightly more developed than 
in No. NOL. 
) 


would measure from 2.5 to 35 mm.. while if the two had been 


If this embryo were curled up as No. NIE it 


hardened in the same way (No. NTP was hardened in alcohol) 


they would probably measure alike, 


Fig. 4.—Section through the third occipital myotome of the embryo 
21 mm. lone. -O4 mm. nearer the tail than Fig. 5 DO times; ©., 
third occipital myotome; cor, coelomy; 7, vein; sf, septum transversum ; 


I, liver; ph, pharynx; #7, umbilical vesicle. 


The figures given show the general relation as seen in 
Embryo NUL with each of the structures but slightly advanced. 
The septum transversum is much the same as it is in NU, 
While the pericardial ceelom is pushed more to the ventral 
side of it and the diverticulum to form the liver is more 
marked. The umbilical vein has extended somewhat (Fig. 
%) and the jugular vein has made its appearance (Fig. 7). 
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The tissue of the septum transversum inp the two embryos 
is formed of irregular round cells, between which there are 
numerous vessels, of irregular diameter, which communicate 
freely with the veins to the heart. 


The next stage of the development of the septum trans- 
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Fig. 5.—Section through the tirst cervical myotome of the embryo 


2.1 mm. long, .25 mm. nearer the tail than Fig. 4 50 times; ¢, first 
cervical myotome; cve coelom; ev, umbilical vein; com, omphalo-mes 


enteric vein: umbilical vesicle, 


versum is found in an embryo 4.3 mm. long (CNLVID), ob- 
tained from Dr. Hoen” The specimen is perfect and normal, 


as it was obtained through mechanical means. The entire 


Fig, 6, 
CLXIV 


Section through the head of the embryo 3.5 mm, long. No. 


times; ph, pharynx; bulbus aortae; rent, ventricle. 


ovum was hardened in 80 per cent alcohol shortly after. it 
was expelled from the uterus. This of course fixed the 
embryo in its natural shape, as was the case with No. XII. 
Both embryos are curved, but in the embryo 1.3 mm. long 
the branchial region occupies relatively more space than it 


‘A photograph of this embryo is given in the Welch Festschrift. 
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does the embryo 2.1 mm. long. proportion te the 
leneth of the mbrvos this distance has increased 35) times 
The pericardial coelom has receded from the head In propor 
tion to the increase of the growth of the branchial arches. 
In the embryve 2.1 mm. long the head end of the pericardial 


covlom is opposite the otic vesicle, while in the embryo 


/ 
4 
| 
\ 
V 
ae 
7 Section through the embryve 3.5 mm, long. mm. nearer 
the tail than Fig. 6 times; av, auricle; ventricle; 
/, septum transversum; jugular veins; ev, umbilical vein, 


main. it is opposite the first occipital myotome. The point of 
commiiiieation between the peritoneal coelom (encireling the 


liver) with the exocalom tas also receded. In the embrve 


21mm. long it is opposite the second cervical myotomes; in 


embryo min. long opposite the second thoracic myetome 


Fig, S,—Section through the embrvo 3.5 mm. long, .2 mm. nearer the 
tail than Fig. 7 S0 times. /, livers; ventricle: sr, sinus reuniens; 


(compare Figs. Land 10). embrvo Lr (4.2 mm. long) 


is intermediate between the two embryos just compared. In 
Lr (see Atlas, Pls. EN and the pericardial, pleural 
and peritoneal caslom encircling the liver extends from the 
first occipital myotome to the sixth cervical, and the omphato- 
mesenterte Vers protrude into these canals of the caelom 
The liver has extended into the septtum transversum but does 


ot yet encircle the omphalo-mesenteric veins as it does in 
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mv embrve £3 mm. long. This detailed description is given 
to show the fate of the caelom’ of the head and neck It 
vives rise to the pericardial and pleural cavities, and that por 
tion of the peritoneal cavity encircling the liver of the adult, 

Sections of the cmbrve mm. lone (No. 


Mies. 11 and 12) show the liver sprouts growing in all dire 


Ria. Section through the embrvo 3.5 mm. lone, .1S mm. nearer 
the tail than Fig. S times ; coe, intestine: rom, 


omphalo-mesenteric vein; ev, umbilical vein. 


tions through the septum transversuimn, encircling and ramity- 
ine through the omphalo-mesenteric veins, making a condition 
slightly in advance of that in IHis’s embrvo Lr. The sections 
of this embryo show clearly that the heart, lungs, liver and 
lower peritoneal cavity arise in tissues surrounded by that por- 


tion of the calom extending into the head in Embryo NIL 
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Fie. 10.—Outline of the embryo 4.5 mm. long. No. CXALVIII 1 
times. lirst cervical myotome; eighth cervical myotome, The 


line indicates the direction of the sections. 


Fig. 1.) Fig. 11 is taken from a section through a plane 
ting the root of the arm and the otic vesicle, and can readily 
he placed in the outline, Fig. 10.) It is seen that the lungs 
arise where the pericardial calom goes over into the pleural. 
high up in the region of the head. Immediately on the 


dorsal side of them is the heoimning of the lesser peritonea! 


'Kopfhohle ; Halshohle; Parietalhohle and recessus parietalis 
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Fig, 
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the intestinal tube struck in this section is the — | 


\!! these structures lie on the cephalic side of the 


mvotome., Projecting into the peritoneal coelom, 


| 


nd penetrating the omphalo-mesenteric veins are 
ons of the liver, Figs. 11 and 12, 4. The two lobes 
he tip ef the lungs and the foramen of Winslow to 


here the entodermal cells of the liver arise from 


hy 
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Section through the embryo 4.5 mm. long 2 times; 7), 
cervical myotomes,; s, stomach ; 


myotome; ©, and 


‘A, heart: 


thyroid; ye, pericardial cavity; /, liver; 


of Winslow. 


the alimentary canal, or in this case the duodenum. The lobes 


of the live 
either sic 
canals hay 


tome ink 


Fig. 12.—Section through the embryo 4.5 mm, long, . 


than Fig, | 


. Ventricle ; 


Invotome 


lie entirely within the canals ef the coelom on 


» of the head. The caudal ends of these caelom 


e migrated from opposite the second cervical myo- 


mbrvo NIT Fig. 1, 


to opposite the second thoracic 


Am- 


V 


i mm. deeper 


1 25 times; /, thoracic myotomes; /, intestine; /, liver; 
ba, bulb of the aorta; aw, amnion; #7, umbilical vein. 


in Embryo CNLVITL, Fig. 10. It has moved to- 


wards the tail eight seements, while the cephalie end of the 


canal, th 
spond wi 
with the 


esicle 


c pericardial coelom, has heen kinked over to corre- 
th the bending of the head, has dilated to correspond 
vrowth of the heart, and has receded from the otic 


» the extent of the growth of the branchial arehes 


We have in this embryo the necessary stage to locate. the 


organs 


hich arise in the neighborhood of the sepium trans: 
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versum, as well as to give the fate of 


length. 
The entire ovum was placed immediately 
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the ceelom their 


immediate neighborhood, 


A stage somewhat in advance of is LXNVI, 


The embryo is slightly larger, measuring 4.5 im. in greatest 


It was obtained from the uterus 7 hours after death, 


in absolute alcohol, 
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No. LXXVI 
ductus 


Fie, 15. Section through the embryo 4.5 mm. lone. 


25 times; lesser peritoneal cavity; de, 


ee, Cardinal vein: /pe, 


Cuvieri; s7, sinus venosus, 


It was impossible to obtain a picture of the embryo before it 
was cut, but the specimen proved to be an excellent: one. 
The direction of the sections is more nearly transverse than 


Fig. 14.—Section through the embryo 4.5 mm. long, .6 mm. deeper 


vein; aorta; rom, omphalo 


cardinal 
h, heart. 


than Fig. 15 25 times; re, 
mesenteric vein; ev, umbilical vein; 


the neuropore is closed with 


in CXNLVITL In CXLVIII 
a thickening of the epidermis just over the point of closure: 
the umbilical vein enters the liver and its direct connection 
with the ductus Cuviert through the body wall is eut. off. 
In LNAXVI the neuropore is completely closed and the embryo 
Migs. 15 and 14 


is somewhat larger than before (compare 


with 11 and 12): the umbilical vein, however, communicates 


with the ductus Cuviert through the bedy-wall on the left 
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<1le This is an tnstanee of retarded development ola part, exception of the lesser peritoneal CUuVIty, which is now ore 
as the left umbtheat ver should have vanished by this time. to the caudal side of the lunes. 

Fie. 13 gives a section through the foramen of Winslow While in the embryo 1.5 mim. long the myotomes were well 
inmediately on the caudal side of the lung buds. as shown formed and hollow, in the embrvo 1.5 they are solid) ane 
moa lateral View { the model of the embryo, ie, The contain cmbrvont: muscle fires, The dorsal eanelia are alse 
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Pig. 15 
j 
septum transversum and diver have increased in quantity, as 
a comparison of the different: figures will show. this 


Fig, 1s.—Section through the neck and heart of embryo LXXX 
25 times; ¢, fourth cervical nerve: ee, cardinal vein; de, ductus Cuvieri; 


ow, oesophagus; fr, trachea; sv, sinus reuniens. 


more developed. In the embryos 5 mm. long (LNNX and 
CNNAVI) the myotemes are still further differentiated wit] 
nerve trunks, composed of both dorsal and ventral roots, 


Which are eTOW he into the hody-walls of the embryo, igs. 


17-20 vive the general form of this embryve, in reconstruction 


Pros. 1 and 16.—Right and left views of a reconstruction of the 


embryo 4.5 mm. long 25 times; aortas ps, pharvax; ba, bulbus 
aortie; coe coelomy; yp, pericardial coclom; /, lung; //, liver; IW, 
Woltlian body; s, stomach; fv, foramen of Winslow ; s7, sinus yenosus; 


sf, septum transversum, 


stave we have the extreme bending of the head. which throw: 


the heart to its most ventral point with the septum trans 


' 
versa about parallel with long axis of the embrvo. The 
PC 
Fie, 19.- Section through embryo LXXX .22> mm. deeper than Fig 
IS 25 times; tifth cervical nerve; cardinal vein: s, subelavian 
vein; de, ductus Cuvieri; /, lung; pA, phrenic nerve. 
as well as in section, The septtum transversum is net as per 
Fig. 17.—Lateral view of the reconstruction of an embryo 5 mm. pendicular as in either vounger or older stages (LNNVI ane 
long. No. LXXX x 17 times: 2 lung: @, liver; « stomach: de, 11), but in general this embryo is intermediate between them, 


ductus Cuvieri; ye, pericardial coclom which communicates fully with \ separation hetween the pericardial and pleural corlom new 
hegins to make its appearance ny means ob a constriction i 


position of the heart, lungs, liver and their relation to the ts walls, the duetus Cuviert encireling the ceelom at this 


celom is much the same as in the younger embryo with the aint. The lung buds hang free inte the pleural ccelom, 


SV 
\ 
3 
Li 
: = 
= \ 
| \ 
q 
Fic. 16. 


ivy—June, 1901. | 

and the fiver and stomach into the peritoneal caelom. The 
ductus Caviert lies ina ridge of tissue encircling the canal of 
communication between the pericardial and pleural caelom, 
In this ombrve the ridge has no mesentery, as described by 
His (biz. TS), hut in sagittal sections of the same stage 


(ONNA\V 1) the mesentery is present. As vet there is ne 


Fie, 20.—Section through embryo LXXX, .26 mm. deeper than Fig. 
23 times; (,, sixth cervical myotome; «, aorta; ev, cardinal vein; 


s, Stomach; #, umbilical vein; /yc, lower peritoneal cavity. 


ndication of a line of separation between the pleural and 
peritoneal calom in but in CNNNVE there is an 
elevation on the dorsal wall of the pleural coelom, Pig. 21, 
thich encircles the lung and joins the dorsal end of the 


sept transversum. This is one of the pillars of Uskow 


Fig. 21.—Sayittal section through an embryo, 5 mm. long, No. 
CXXXVI © 25 times; A, heart; cardinal vein; sf, septum trans- 


versum; /, lung; s, stomach; arm; pr, pulmonary ridge. 


or the beginning of a ridge which [T shall term the pulmonary 
rade, 

Fig. 20, compared with Fig. 13, shows that the foramen of 
Winslow has moved more rapidly towards tie tail than the 
heart. A) section through it strikes the heart squarely in 
one case, while in the other it does not touch the heart bu: 
strikes the liver only. This is in part due to the direction 
of the section in the two specimens, and in part to the shift- 


1 


Ing of the foramen of Winslow with the recession of the 
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stomach. The cervical nerves are separated No. LNNA 
with the exception of an anastomosis between the fourth and 
the fifth. From this point the phrenic nerve arises, ig. 19, 


and passes to the lateral side of the parietal colom and lung 


In a later stage it reaches the septum transversum through 


the pleuro-pericardial membrane of Uskow. 


I have now followed the transformation of the relatively 
simple celom of the head and neck from the time it is well 
formed inan embryo ef the cnd of the second week to the end 
of the third week. During this time the pericardial ccelom 
has moved away from the head and the pericardial cavity 


is well outlined, but the membranes which divide the caelom 


into pericardial, pleural and peritoneal spaces have not vet 


Fie, 22.—Reconstruction of embryo No, IL x 20 times; 2B, bronchus ; 


L, liver; Ph, phrenic; /, 2, 4 branchial pouches. 


appeared. During the fourth week both of these membranes 
appear, but they are not well defined until the fifth week, 
Fig. 22 is froma profile reconstruction of Embryo TL, shoy 

ing the relation of the organs to one another. A cast of the 
colon of this embryo is given in Fig. 23. The extreme ventral 
kinking of the heart is shown in this stage and from new on 
it begins to sink more and more into the body as the liver 
recedes. The communication between the pericardial calom 
and the pleural caelom is reduced to a narrew slit between the 
cephalic end of the lung bud and the ductus Cuvieri. It 
appears as if a simple adhesion of the walls of the slit would 
complete the closure of the pericardial spRtee, Fig. 2b is a 


section through this space, striking the seventh cervical myo- 
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tome and the tip of the phrenic nerve. Tt shows that the 


attachment of the duetus Cuvieri is no longer broad, as in 


embryo LNNN. but ois marrow. forming a mesentery as ce 


Fia, 23 Cast of coelom of embrve Il 20) times P. pericardial 


coelom: 4, coelom encircling to liver 
seribed ny [lis On the dorsal side of the ductus there is a 


ridge which begins as the duetus projects into the caelom and 
eradually rans over into the lobe of the liver. This ridge 


is very pronounced and is also well shown in the sections ol 


Fig, 24.—Seetion through the seventh cervical segment of the embryo 


7mm. long, No, I 25) times; seventh cervieal myotome: «7, card- 


inal vein; de, duetus Cuvieri; . brachial plexus; pr. pulmonary ridge; 


ph, phrenic nerve; 4, bronchus; 4, heart 4a, bulbus aorte 


Hiss embryos, A and Boas given in his //as. The relation 


this ridge to the phrenie nerve as well as its form in older 


brves makes of it the adage of both the pleuro-pericardial 


euro-peritoneal membranes. lies in the sagittal plane 


HOSPITAL BULLETIN. [ Nos, 121-122-123 
of the calom and as it passes the region of the fourth and 
fifth cervical nerves receives into its substance the phrenie 
herve which On the caudal of the duetus Cu TH. 
Soon the lune bud grows against this ridge. causes it to bulee, 


and with the rotation of the liver towards the head the ridge 


Pig, 25.—Section through the embryo 7 mm. long, .6 mm, deeper than 
Fig. 24 25 times; 7), lirst thoracic myotome; «7, cardinal vein: Wh, 
Wolftlian body ; 


heart; sf, septum trausversum. 


stomach; /pe, lesser peritoneal cavity ; /, liver; A, 


is divided into two parts: (1) the cephalic end which retains 
the phrenic nerve and ductus Cuvieri and forms the pleuro- 
pericardial membrane, and (2) the caudal end which remains 


attached to the tip of the dorsal end of the septum tratis- 


Ph Bi. 

& 


Fie. 26.—Sagittal section through the embryo 6.5 mm. long. No 
CXVI 25 times; pé, pharvnn; tirst branchial arch; 4a, bulbus 


aorte; «, auricle; 7, ventricle; /, lune; //, liver; pr, pulmonary ridge. 


versum and the liver on the one hand, the body-wall on th 
other, to form the pleuro-peritoneat membrane, 
Figs. 26-28 show this ridge in sagittal sections in’ Embryo 


specimen not quite as large as No. but somewhat 


: 
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more advanced in development, In Fig. 26. its cephalic end 


appears i broad membrane which in a seetion nearer the 


middle 


extends to the liver on the ventral side and 


ip 


Section through the embryo 6.5 mm. long, .l mm. deeper 


Fie, 24 
than Fig. 26 25 times, pA, pharynx; «, arm; pr, pulmonary ridge ; 


lung. 


Fig. 20. — Lateral view of 


auricle ; 
accompanies the ductus Cuviert to the body-wall on the 
dorsal side, Fig. 27, pr. Stil more towards the midline the 
ridge ends as a decided elevation immediately to the caudal 


side of the tip of the lung. 
After the pulmonary ridge is well formed (as in Embryo 1) 
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the pulmonary membrane and surrounding parts of the embryo 7 mm, long, 


. ventricle; /, lung; //, liver; Wh, Wolflian body ; pr, 


it begins to widen at its dorsal end hand in hand with the 
rotation of the liver. Up to this time the septum trans 


versum is parallel with the vertebral column, with the heart 


Fic. 28.—Section through the embryo 6.5 mm. long, .12 mm. deeper 


than Fig. 27 25 times ; oesophagus; «, aorta; /, lung; //, liver; 


We, Wolflian body ; pr, pulmonary ridge. 


No. IL & 50 times; «, 
pulmonary ridge; eighth cervical myotome, 

on its ventral side and the liver on its dorsal side projecting 
into the peritonent! celom, as shown in No. Th. This condi 
tion Was brought about at the time of the bending of thy 
head when the viscera were forced towards the tail and into 


this position. The cephalic end of the pericardial coelom 
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and in a lateral reconstruction 


16x JOHNS HOPKINS HOSPITAL BULLETIN. 


s thus bent over the septum transversum but the main part 
of the head caelom remained parallel with the spinal column 
on either side of the holy. This process may he termed the 
rolling over of the heart. 

In the next stage the heart rolls in a dorsal direction and 
the liver in a ventral direction. This process has already 
heoun tn embrvo and 


iso doing the lung 
buried deeper i the of the embryo and 


the liver gradually changes 


ts position from the dorsal side 


Fig. 30. Lateral view of the pulmonary membrane and surrounding 


parts of the embryo mm. long; No. CLAITI times, eighth 
cervical myotome; //, liver; /, lung; s, stomach; Wh, Woltlian body ; 


ph, phrenic nerve; pe, pleuro-pericardial membrane; py, pleuro-peri- 


toneal membrane 


of the septum: transversum to its ventral side. The septum 
transversum undergoes almost a half-revolution. The ceelom 
containing the liver lobe evaginates and becomes incorporated 


with the general abdominal cavity. 


Pic. Sl.—Section through the fifth cervieal myotome of the embryo 
mim. long, No. x times; tifth myotome ; ee, cardinal 
vein; ¢e, ductus cuvieri; 4v, brachial plexus; ph, phrenic nerve; pe, 
cephalic end of the pulmonary ridge forming the beginning of the 
pleuro-pericardial membrane, 


With the rollin 


pericardial with the pleural space is kinked at the points of 


of the heart the connecting the 


juncture between these cavities. At this point the duet of 
uvier enters the heart. Soon from its dorsal border the 
ulmonary ridge arises which is semicircular form and 


vaches from the liver to the dorsal walls of 


the ceelom as 


escribed under Embrvo Th It is shown in section in Fig. 


Fie. 29. The pulmon- 
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ary ridge is really an extension of the septum. transversuim 


from the lobes of the liver to the tip of the Wolffian uly, 
As the heart moves in the dorsal direction and the lis in 


the ventral direction it is the dorsal end of the septum: trans. 


Fie. 52.—Section through the embryo % mm. long, .16 mm. deeper 
than Fig, S51 « 12 times; (,, sixth cervical myotome; «7, cardinal 
vein; ph, phrenie nerve; pe, pleuro-pericardial membrane ; py, pleuro- 


peritoneal membrane; p/-cor, pleural coelom p-cec, peritoneal coelom, 


versum which moves most rapidly in the direction of the tail. 
In so doing the pulmonary ridge grows rapidly and divides 


at its dorsal end into two membranes, one containing the 


Fig. 33.—Section through the embryo & min. long, .16 mm. deeper 
than Fig. 12', times; eighth cervical nerve; pp, pleuro-peri- 
toneal membrane. 


) 
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Fic. 34. Section through the embryo 9 mm. long, .S4 
than Fig. 35 12! 


min. deeper 
» times; 7,, third thoracic myotome; /pe, lower 
peritoneal cavity ; Wh, Woltlian body. 


duct of Cuvier and phrenic nerve, and the other still encire- 
ling the lung bud. In this division we have the beginnings of 


the pleuro-pericardial membrane of Uskow, and the pleuro- 
peritoneal membrane of Brachet. 
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The monary ridge is well formed in Embryo IT. It 
appears a ridge of tissue passing towards the head from 
the lobe of the liver on the dorsal side of the ductus Cuvieri 
and then along the dorsal walls of the ceelom to the meso- 


Fig, 35, —Sagittal section through the embryo8 mm. long, No, CXUII 
10 times; j, lower jaw; s-pree, sinus praecervicalis; /, fourth cervical 
nerve, ph, phrenic nerve; sf, septum transversum; dc, ductus Cuvieri ; 
oe, pleuro-pericardial membrane; pp, pleuro-peritoneal membrane; /, 


lung; sx, stomach; /pe, lower peritoneal cavity; Wh, Wolffian body. 


cardium, where it ends in the pillars of Uskow. As the 
embryo vrows larger the ductus Cuvieri separates more and 
more from the lateral body-wall, and in a measure shifts into 
the pulmonary ridge, which at its most Convex point grows in 
the form of a ridge towards the heart. This secondary ridge 
which is present in CLNIEL, finally separates the pleural 
from the pericardial cavities and completes the pleure-peri- 


cardial membrane. 


Fig. 36.—Section through the embryo S mm. long nearer the middle 


line than Fig, 35 10 times; de, ductus Cuvieri; /, lung; s, stomach; 


pp, pleuro-peritoneal membrane. 


The pulmonary ridges from their beginning to their separa- 
tion into the pleuro-pericardial and pleure-peritoneal mem- 
branes appear as two ears to the septum transversum, extend- 
ing along the duets of Cuvier in the sagittal plane of the 
body and at right angles to the plane of the septum  trans- 
versum. Judging by the relation of the phrenic nerve to the 
pulmonary ridge the portion of it on the dorsal side of the 
ductus Cuvier’ containing the phrenic nerve, the portion con- 


taining the ductus Cuvieri, and the secondary ridge of the 
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ventral side of the ductus Cuvieri, form the pleure-pericardia! 
membrane. The portion of the pulmonary ridge on the 
caudal side of the phrenic nerve gives rise to the pleuro- 


peritoneal membrane. In so deing it gradually shifts over 


PP 
— 


Fic, 37,.—Sagittal section through the embryo 10 mm. long. No. 


CXIV x 10 times; pp, pleuro-peritoneal membrane. 


the lung buds and finally completely separates the pleural 
from the peritoneal cavities. 
The growth of the pleuro-pericardial membrane towards 


Fie, 58. —Lateral view of the embryo 11 mm. long, showing the 
pleuro-pericardial and pleuro-peritoneal membranes. No, CIX 
times; +, first rib; /, lung; //, liver; pA, phrenic nerve in the pleuro- 
pericardial membrane; s, stomach; Wh, Wolflian body; py, pleuro-peri- 


toneal membrane which is not quite completed. 


the head and the pleuro-peritoneal towards the tail widens 
the dorsal projection of the septuin trabsverstin and inte 
this wide base the lung burrows throwing the pleuro-p:eri- 
cardial membrane with the phrenic nerve to its medial side. 

The fate of the pulmonary ridge is shown in Fig. 50, which 
is from Embryo CLANTIL. Sections of this embryo are shown 
in Figs. 31 to 34. They show again that the pulmonary 
ridge reaches from the ductus Cuvieri to the tip of the lung, 


and the phrenic nerve. It is readily seen from Figs. 30 and 
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how the phrenic herve ts pushed to its permanent position tined to bee ome the pleuro-perienraial membrane unite vith 


W the further rotation and recession of the septum trans the root of the lung bud and completely closes the pericardial 
versie and fiver, and the lateral growth of the lungs to cavity, Fig. 37 By this union the course of the « clug 
encircle the heart. Cuvier is from the body-wall to the heart through the plouro. 


pericardial membrane, and the plane of the pleuro-pericardial 


‘ction through 


body o he embrvo | ong 
ly of th are I mm. long. N Fig. 41 Section through the embryo 11 mm. long, .46 mm. deeper 


CIX 10 times; p/, phrenic nerve; pe, pleuro-pericardial membrane ; 


than Fig. 40 10 times. The pleuro-peritoneal membrane is incom- 


septum transversum,; “4, lumerus first rib; 4 second rib 


plete on one side, J, 5, rips. 


third rib 


Figs. 35 and 36 are from sagittal sections of Embryo CXTIL membrane ts practically that of the septum transversum, the 


two together being transverse to the body of the embryo 


which is of the saline stave as The phrent herve is 


shown throughout its whole course from the fifth cervical The phrenic nerve at this the is in the plane of the septum 


transversum and reaches its dorsal tip through its projection, 


nerve to the pleure-pericardial membrane. The nerve re- 


ceives a second branch a few sections deeper from the sixth the pleuro-pericardial membrane, 


cervical which unites with the main trunk before it enters Linmediately after the completion of the pleuro-pericardial 


Section through the embryo mm, long; mm. deeper Fic. 42.—Sagittal section through the embryo 14 mm. long. No. 


than Fig, 10) times; pA, phrenic nerve; septum transversum ; CXLIN 10 


times, ps, phrenic nerve; tenth rib: s, stomach; 


yey pleuro-pericardial membrane; py, pleuro-peritoneal membrane ; khidnev: W, Woltlian body 


ribs 


the pleuro-pericardial membrane.  Llanging from the pleure membrane the rotation of the liver and septum transversuin 
ricardial ne ois a section of the pleure peritoneal, In lerated, wna hy the time the embryo has vrowh to be 
which in Fie. 36 unites with the dorsal wall of the caelom at 11} mm. lone (CIN), the liver is practically in its adult )osi- 
the head end of the WoltTian body. tion. "The rapid rotation of the liver, especially at its dorsal 


About this time the portion of the pulmonary ridge des- end, has changed the relation of the planes between thie 
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pleuro-pericardial membrane to the septum transversum from 
parallel to right angles. Now the septum transversum is in 
the plane of the pleuro-peritoneal membrane (Fig. 38). With 


ithe recession of the septum transversum, especially at its 


Fie, 48.—Section through the opening between the pleural and 


peritoneal cavities in the embryo 14 mm. long 50 times; s, stomach; 


|, lung; pp, pleuro- peritoneal membrane; ad, adrenal. 


dorsal end, the evagination of the cealom containing the 
liver and stomach is complete, throwing them into the general 
peritoneal cavity. 

Figs. 39, 40 and 41 are sections through the pleuro-peri- 
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Fig. 44.—Sagittal section through the body of the embryo 16 mm. 


long. No. XLII 


x 10 times; %, ninth rib. 


cardial and pleuro-peritoneal membranes of Embryo CIX, 
Fig. 38. They give the relation of the pleuro-pericardial and 
pleuro-peritoneal membranes to the surrounding structures. 
The heart is now in its permanent loeation in the thorax and 
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the liver is in the abdominal cavity. The septum transversum 
with its extension, the pleuro-peritoneal membrane, stretches 
across the body from the tips of the embryonic ribs. But in 
the thorax lie the lungs, and their further growth into the 
lateral walls of the embryo and septum transversum will 
make them encircle the heart, thereby enlarging the pleuro- 
pericardial membranes and changing position of the phrenic 
nerves. 
After the heart, lungs, liver and stomach are located in 
their permanent positions the pleuro-peritoneal membrane 
grows rapidly and soon closes the opening between the pleural 
and peritoneal cavities. Fig. 42 is from a section lateral to 
the opening showing the phrenic nerve throughout its great- 
est extent. In this specimen the marked growth is in the 
pleural cavity. Fig. 43 is from a section through the opening 
on a larger scale, including also the adrenal. <A 
In this speci- 


stage 
slightly more advanced is shown in Fig. 44. 
men, as in the one above, both pleural cavities communicate 


with the peritoneal. In Embryo LXXIYV, Fig. 45, the pleuro- 


Fre, 45.—Transverse section through the embryo 14 mm. long. No. 
LXXIV x 10 times; 7, seventh rib. The pleuro-peritoneal membrane ; 
pp, is incomplete on one side. 


peritoneal membrane is complete on the right side and in- 
The reconstruction of this embryo 


complete on the left side. 
is very large and extends from the 


shows that the opening 
seventh rib towards the tail. It may be an instance of re- 
tarded development, because in embryos 19 mm, long the 
membranes are as a rule complete on both sides of the body. 

To what extent the permanent diaphragm is formed from 
the pleuro-peritoneal membrane it is difficult to determine. 
Undoubtedly the portion of the diaphragm on the caudal 
and dorsal sides of the pleuro-pericardial membrane is formed 
from the pleuro-peritoneal membrane. That portion of the 
diaphragm on the cephalic side is formed from the septum 
transversum. But the diaphragm is greatly extended on the 
lateral sides of the heart after the embryo is 20 mm. long by 
the extension of the pleural cavities around it. It appears 
from the models that this portion of the diaphragm is also 
formed directly from the periphery of the septum trans- 


versum, 


Ad? 
| 
Be 
| 
| 


JOHNS HOPKINS HOSPITAL BULLETIN. 


[Nos. 121-122-193, 


OBSERVATIONS ON THE PECTORALIS MAJOR MUSCLE IN MAN, 


By WarrEN Harmon Lewis, M.D., 


Assistant in Anatomy, Johns Hopkins University. 


THe Aputt Muscte. 


The peculiar twist in the sternocostal portion of the pector- 
alis major muscle is described in the various text-books on 
human anatomy. In general, the descriptions would indicate 
that the posterior layer of the tendon of insertion is formed 
in such a manner that its highest fibres have the lowest origin 
on the thorax, and the lower the fibres at the insertion the 
higher their origin on the thorax. There must thus be a 
crossing of fibres. This crossing is generally represented as 


m 


direction of the fibres which form the apparent twisting. For 
this purpose specimens were taken from the dissecting room, 
from bodies embalmed with the carbolie acid mixture.’ The 
muscles were placed in equal parts of glycerine, water and 
nitrie acid for 24 to 48 hours. In most of the specimens 
thus treated the direction of the fibres was easily obtained 
as the connective-tissue elements were partially disintegrated 


and easily torn. 


Fie. 1.—Diagram of an adult pectoralis major muscle. 


¢ p, Clavicular portion; s ¢ p, sternocostal portion; 1, 2, 3, 4, 


5, 6, are overlapping bundles of fibres of the same; 6 a, portion of the posterior layer of the tendon of insertion coming from 


6; A, humeral end of the muscle. 


taking place at or near the concave portion of the lower or 
aXillary border of the muscle. I have found many anatomies 
incorrect or very incomplete in their description of the forma- 
tion of the posterior layer of the tendon of insertion as well as 
the direction taken by the remaining sternocostal fibres, which 
go to the anterior layer of the tendon. These descriptions 
correspond fairly well with the direction the fibres appear to 
take when one examines the muscle superficially. 

I have examined carefully twelve muscles to ascertain the 


My dissections have shown in every case, (1) that the 
lowest fibres of origin go to the lowest end of the posterior 
layer of the tendon of insertion (Figs. 1 and 2), (2) that there 
is no crossing of fibres forming this posterior layer, and (3) 
that a peculiar fan-like arrangement of the bundles of fibres 
in the whole sternocostal portion is present (Figs. 1 and 2). 

After the maceration, I found the muscle had a tendency 


'F. P. Mall, The Preservation of Anatomical Material for Dissection, 
Anat. Anz., Bd. xi, p. 769, 1896. 
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to split into several overlapping bundles (Figs. 1 and 2; 1, 2, 


3. 4,5, 6). ‘The number and size varies in different muscles. 
It will be seen from the diagram (Figs. 1 and 2) that the over- 
lapping is more and more marked toward the humeral inser- 
tion. 

The clavicular portion and upper five bundles form the 
anterior layer, and the sixth bundle the posterior layer, of 
the tendon of insertion. The lower fibres in each bundle, 
which are the superficial overlapping ones, reach to the lower 
end of the tendon, while the upper, deeper ones are more 
and more overlapped and pass to the upper edge or near to 
the upper edge of the tendon. Each bundle, as it approaches 
the tendon of insertion, spreads out and becomes thinner. 


m 


JOHNS HOPKINS HOSPITAL BULLETIN. 


DEVELOPMENT. 


I have attempted to trace the development of the muscle 
in a series of human embryos and to explain the origin of 
the peculiar arrangement of its fibres. For this purpose [ 
have studied the muscle carefully in embryos varying in 
length from 9 to 40 mm. The first indication of the muscle 
[ have been able to note was in an embryo of 9 mm. in length. 
In an embryo of 40 mm. the adult form is present. Recon- 
structions of the younger and dissections of the older embryos 
were made to study them. 

In a human embryo measuring 9 mm. in length (No. 
CLXIII),* the pectoralis major and minor muscles are repre- 


Fig. 2.—Diagram of cross-sections of the muscle taken at mn; op; and cy, in (Fig. 1). Numbers and letters remain as Fig. 


1. 4, anterior layer of tendon; P, posterior layer. 


The distance to which the muscle fibres go outward toward 
the humerus decreases from above downward and thus aids 
in keeping the distal end of the muscle thin. 

The posterior layer of the tendon is continuous with bundle 
6 (Figs. 1 and 2). It gradually spreads out and becomes 
thinner on approaching the humerus. As in the other bun- 
dles, its lower fibres reach the lower and its upper fibres the 
upper border of the tendon. The size of this bundle varies 
greatly, especially in the amount of overlapping toward the 
origin. Most of its fibres constitute the abdominal portion 
into which the muscle is sometimes divided. The accessory 
bundles of muscle having, as a rule, costal origin and which 
- beneath the main muscle, are inserted into this posterior 
ayer. 


sented by a mass of closely packed cells without sharp limits. 
As there are no muscle fibres in this tissue I shall call it pre- 
muscle tissue. The other muscles of the arm and shoulder 
girdle are also represented more or less clearly by this pre- 
muscle tissue. There are, however, muscle fibres in the 
muscle-plate system. Here the muscle plates have fused 
into a continuous column and in the costal region extend 
along the intercostal spaces, partially surrounding the ribs 
and fuse together beyond their tips into a ventral plate. 
This muscle-plate system contains fibres, is farther advanced 


2? The numbers here given correspond with those in the catalogue of 
the collection of human embryos in the Anatomical Laboratory of the 
Johns Hopkins University. 
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and has a different appearance from the premuscle tissue, 
which is lateral to it and in the arm. In Fig. 3, which 
is from a wax reconstruction of the right arm region of 
this embryo, the costal portion of the muscle-plate system 
is seen (m.pls). Lateral to this is the lateral premuscle mass 
(/.pm). At the level of the first rib (e/.) the pectoral pre- 
muscle mass (p.pm) leaves the lateral to join the general arm 
premuscle sheath (a.pm.) along the ventral side of the proxi- 
mal half of the condensed tissue which represents the hum- 
erus. The proximal end of the humerus lies opposite the 
interval between the fifth and = sixth intervertebral disks 
dVie), the distal end opposite the first rib (¢ f.). The 


Enlarged 50 times. 
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Fic, 3.—Ventral view of a wax reconstruction of the arm region of a human embryo measuring 9 mm. in length (No. CLXIID. 
AB, median line; ¢ 1, ¢ Il, ¢ LV, ribs one, two, three and four; d1V Vie, VIL fourth, 
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tion into masses, such as the pectoral, latissimus dorsi and 
levator scapule and serratus anterior. It is impossible for 
me in the case of the pectoral mass to determine how far 
caudally into the lateral premuscle tissue it extends, or just 
where to draw the line between it and the neck premusele 
mass. Its humeral end is lost in the general arm prenusele 


Its location and correspondence with the muscle in 


tissue. 
the next stage and its nerve supply lead me to believe this 
to be the pectoral mass. 

The pectoral premuscle mass is supplied by three nerves, 
from the brachial plexus, the fibres of which come from the 


Vi, and V//T cervical and J thoracie nerves. It will 


fifth, sixth and seventh cervical intervertebral disks; @. pm, premuscle mass ensheathing the arm; J. pm, lateral premuscle mass ; 


scapula lies imbedded in the scapular premuscle tissue 
(s.pm). The clavicle is not present at this stage. The 
intervertebral disks are of condensed or closely packed cellu- 
lar tissue (d /Ve, ete., to d7 Vt). The ribs are of condensed 
tissue and project ventrad from the adjoining parts of the 
intervertebral disks and vertebral bows. 

It is very difficult to determine the exact limits of the pre- 
muscle tissue; in a few places it is very sharply marked off 
from the surrounding mesenchyma as at the ventral end of 
the neck premuscle mass. The entire arm between the 
central skeletal core and the integument is filled with this 


tissue. At the root of the arm there are signs of a separa- 


p. pm, pectoral premuscle mass; s, pew, scapular premuscle mass. 


he seen at this stage that the pectoral mass is mostly cervical 
and lies in the region of its nerve supply. 

The fibres of the brachial plexus are directed laterally and 
have scarcely any caudal inclination. 

In an embryo measuring 11 mm. in length (No. CTX), 
there is great advance in the musculature of the arm. Many 
of the arm muscles, especially the proximal ones, can be 


‘Mall, (F.). The value of Embryological Specimens, Maryland Med. 
Journal, October 29, LS0s, A Contribution to the Study of the 
Pathology of Eariy Human Embryos. Contributions to the Science of 
Medicine, dedicated to William Hl. Welch, Johns Hopkins Hospital 
Reports, vol. ix, 1900. 
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recognized. Instead of premuscle tissue we have distinct 
fibrillation. 

The pectoral muscle mass extends from the region lateral 
to the ends of the first three ribs cephalolaterad to the 
Its cephalic portion is 


cephalic border of the humerus. 
closely associated with the medial end of the clavicle (Figs. 
t and 5, cp.). There is no definite attachment of the 
musele to the ribs. 
closely The latter is indicated by a bulging toward 
the coracoid process (p.min., Figs. 4 and 5). I have with 


The pectoralis major and minor are 


united, 


difficulty traced the general course of the fibres in the major 
The fibres 
from the claviele do not appear to overlap the sternocostal 
fibres but occupy the proximal part of the insertion, while 
See Fig. 6, which is 


portion of the mass, as will be seen in Fig. 5. 


the sternocostal fibres occupy the distal. 
a diagram of the relation of these fibres close to their inser- 
tion into the humerus. 


Fic. 4.—Median view of a wax reconstruction of the arm region of a human embryo measuring 11 mm. in length 
Enlarged 30 times. A, acromion; ¢ II, second rib; ¢, coracoid process; cer, carpus; ¢ p, clavicular portion of 
major; el, clavicle; ¢c4, chorda dorsalis split in the median line; d VI ¢, d VII ¢, sixth 
rib is seen arising; scar, metacarpus; p. m, pectoralis major 


/ 1 tirst thoracic intervertebral disk, from which the first 


muscle; p.min, pectoralis minor bulging toward the coracoid process; “,V 


plexus; bp, brachial plexus; 7, radius; “/, ulna; s, scapula. 


Figures 4 and 5 are from a wax reconstruction of the righi 
am region of this embryo. All muscles but the pectorals 
are omitted. 

The pectoral muscle mass is supplied by four branches of 
the brachial plexus, two from the outer and two from the 
inner cord, the fibres of which can be traced to the VI, VI/ 
andV/// cervical and J thoracie nerves. 

It is of special note at this stage, that the larger portion 
of the muscle lies above the first rib, reaching about to the 
level of the fifth cervical intervertebral disk: that there is no 
Werlapping of its fibres; and that the clavicle only reaches 
about one-half the distance from the acromion to the first rib. 
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It is also worthy of note that the pectoralis muscle has 
extended caudally to the level of the tip of the third rib. 

In an embryo measuring 16 mm. in length (No. NLITI),’ 
the two pectoral muscles are entirely separate. ‘The pector- 
alis major muscle assumes much more the adult form than in 
The entire arm has migrated caudally 
It now extends to 


the previous stage. 
and with it the pectoralis major muscle. 
the sixth rib (Fig. 7, eV/.). The clavicle has extended 
to the tip of the first rib, where it joins the cephalic end 
of the sternal anlage (s¢., Fig. 7). The clavicular portion of 
the muscles is carried with the clavicle toward the median 
line. The humeral end of its fibres are seen to overlap the 
sternocostal fibres near the humerus (Figs. 7 and 8). There 
is a distinct gap between the clavicular portion (Fig. 7. cp.) 
and the sternocostal portion (Fig. 7, sep.) near their origins, 
The fibres of the sternocostal portion present a slight ten- 
deney to separate into bundles in which their is an overlap- 


No. CIX 
the pectoralis 


and seventh cervical intervertebral disks; 


tifth cervical nerve going to join the brachial 


ping of the deep portion of the lower by the superticial por- 
tion of the upper ones. This is more marked toward the 
insertion, as will be seen in Fig. 8, where the overlapping is 
quite complete. L have not been able to make out at this 
stage anything which corresponds to the deep or posterior 
tendon and, as will be seen later, it probably does not exist 
at this stage. 

‘Mall, (F). Development of the Human Celom, Jour. of Morph., vol. 
xii, No.2. Development of the Internal Mammary and Deep Epigastriv 
Arteries in Man, Johns Hopkins Hospital Bulletin, Nos. 90-1, IS¥s, 


Development of the Ventral Abdominal Walls in Man, Jour. of Morph., 


vol. xiv, No. 2, 1898, 
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The nerve supply is as in the adult. 
Embrvo No. XXII! measuring 20 mm. in length, shows 
about the same condition as in Embryo No. XLUIL. The 


separation of the sternocostal portion into various bundles 
They have no relation to the ribs 


is especially well marked. 


so far as the number and position ts concerned, 


Ria. 5 Ventral view of a portion of the model shown in Fig. 4, 


showing the pectoral muscle mass and its relations to the scapula, 


clavicle and humerus. {, acromion; ¢, coracoid process; ¢/, clavicle ; 


A, humerus; m, pectoral muscle mass; ¢ p, ¢ lavicular portion; s ¢ p, 


sternocostal portion; p. minx, pectoralis minor bulging; s, scapula 


In an embryo 82 mim. in length (No. CNXIN),” we find 
that the posterior laver of the tendon of insertion has made 
its appearance (Fig. 9). The fibres which go to this tendon 
come from the most caudal portion of the muscle. This 
posterior laver is about one-fourth the width of the anterior 
laver of the tendon of insertion. The embryo was studied 


With a dissecting microscope and so far | could determine 


P 
\A~—scp 


Fig 6.—Diagram of a cross-section of 
the pectoralis major fibres near their hum 
eral insertion Enlarged 50) times. 7’ 

proximal end of the same; ¢ p, claviculat 

libres; sey, sternocostal tibres 
the arrangement of its fibres was otherwise similar to the 
adult. 


In an embrvo 36 mm. in leneth (No. XC). we find the 


posterior laver of the tendon of insertion nearly three-fourths 
the leneth of the anterior (Fig. 10). Otherwise the muscle 
appears to be much as in the adult. The pectoral region 
was studied with a dissecting microscope. 
M ind Medical Jour., October 20, 180s, [bid., Jour. Morph., 
vi civ. PSUS. Tbid., Johns Hopkins Hospital Reports, vol. ix, 100 
Mall, Contributions to the Science of Medicine, dedicated to 


William H. Welch, Baltimore, 1900, Johns Hopkins Hospital Reports, 


vol. ix, 1000 
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In an embryo of 40 mm. in length the posterior layer of 
the tendon exceeds the anterior in width, and the iscle 


presents the adult form. 


Fic. 7.—Ventral view of the pectoralis major muscle in an embryo 
measuring 16 mm. in length (No. XLIID, taken from a wax recon- 
struction of the arm region of the same. Enlarged 50 times. Se p, 
sternocostal portion, various artificial divisions of which «a, 4, /, are 
shown near their insertion in Fig. 8; VI, ends of first, 
second, fifth and sixth ribs, which, with the third and fourth join 
together to form the left half of the pectoralis major muscle; 4, hum 
erus, p. m, pectoral muscle mass; sy, sternocostal portion; »s, body 
of the scapula; sf, sternum; « », clavicular portion; ¢/, eclavicley A, 


humerus. 
SUMMARY. 


It is thus seen that the pectoralis major muscle arises in 


common with the minor from a premusele tissue whieh is 


Fig. Diagram of cross-section of the 
pectoralis major muscle seen in Fig. 7, 
near its insertion into the humerus. En- 
lurged 30 times P, proximal; ont, ventral 
surface; ¢ p, eclavicular portion; a, 4, 
appro imate position of the corresponding 
muscle bundles of Fig. 7. 


It gradually 


located for the most part above the first rib. 
inivrates or shifts to the costa 


noted by Dr. Mall. 


splits into bundles. The clavicular portion is the first to 


region, as has already been 
During the course of this migration it 


split off. sternocostal portion splits into the major 


*Mall, Development of the Ventral Abdominal Walls in Man. Jour. 


of Morph., vol. xiv, No. 2, [Svs 
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and min The major becomes arranged into a series of 
overlapping bundles. As we have seen, the clavicular por- 
tion is the upper and most superficial. During the migration 
the overlapping of the sternocostal bundles is such that 
superficial fibres of each bundle have descended farther than 
the deeper, owing perhaps to the greater friction of the 


b— 


Fie. %—Diagram of the insertion of 
the pectoralis major muscle in an embryo 
30 mm. in length (No, CXXIX). Enlarged 
16 times. A, anterior layer of the tendon; 
posterior layer. 
latter against the chest wall or to their earlier attachment. 
The lower bundle seems to be the last to be differentiated, 
and its tendon, the posterior layer of the tendon of insertion, 
appears to gradually spread out toward the proximal end of 
the humerus after the superficial or anterior layer is well 
formed. 
The early entrance of the nerves into the muscle while 
still in the cervical region explains the adult nerve supply. 
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2XPLANATION OF VARIETIES. 

It would seem that in the conditions existing between an 
embryo of 9 and 11 mm. in length might be found a partial 
explanation of such varieties as absence of the sternocostal 
or clavicular portions and of the pectoralis minor with the 
sternocostal portion. We have here a condition in which 


Fig. 10.—Diagram of the tendon near 
its insertion of the pectoralis major 
muscle of an embryo 36 mm. in length 
(No. XC). Enlarged 16 times. A, anterior 
layer; 4, posterior layer. 


the clavicle is absent and no attachment to the ribs exists. 
The subsequent attachment to one or the other might not 
occur and that portion of the muscle found wanting in the 
adult. With absence of the sternocostal portion would be 
associated that of the pectoralis minor owing to their early 
fusion. In the tendency to split into bundles, with the shift- 
ing of the muscle and fibres, the muscular bands which are 
often found as the costocoracoideus, sternalis, chondroepi- 
trochlearis, etc., may have their origin. 


ON THE BLOOD-VESSELS OF THE HUMAN LYMPHATIC GLAND, 


By W. J. CALVERt, 


Pathological Laboratory, Board 


The lymphatic glands removed at autopsy from pest 
cadavers have enabled me, on account of the extreme con- 
gestion incidental to the disease and the reduction in the 
density of the nuclear elements of the gland, to follow in 
detail the course of the smaller vessels; the pathological 
changes referred to are not of sufficient degree to destroy the 
landmarks of the organ or to change the general relation- 
ship of the parts. 

In an earlier Communication I showed the course of the 
blood-vessels in the lymph follicle in the dog, and the pres- 
ent report is made because it demonstrates that the same 
arrangement is present in the human lymphatie gland. 

The glands were fixed in Zenker’s fluid, hardened in aleo- 
hol, sectioned in celloidin, stained in hematoxylin and eosin 
and mounted in balsam. 

The illustrations show the origin and distribution of the 
follicular artery, the arrangement of the capillaries in the 
follicle and the origin of the veins. The course of the 


M. D., U.S. A., 
of Health, Manila, P. I. 


arterie and vene lympho-glandule and the vessels of the 
cord have been illustrated.’ 

From the above illustrations and the many typical pictures 
seen in the slides the following scheme for the blood supply 
of the human lymphatie gland may be described: The 
arterie lympho-glandule enter the gland at the hilus, pass 
through the hilus stroma to enter the trabecule. In the 
trabecule arterial twigs are distributed to all portions of 
the gland. On reaching the portions of the gland near the 
proximal ends of the follicles small arteries arise which run 
in the lymphatie structure more or less parallel to the sur- 
face of the gland. These arteries give rise to the follicular 
artery (Figs. 1 and 2) and supply the adjacent portions of the 
pulp cords, 

The follicular artery runs a straight course in or near 


1 The Blood-vessels of the Lymphatic Gland. By W. J. Calvert 
Anatomischer Anzeiger, xiii. Band, Nr. 6, 1897, p. 176. 
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the centre of the lymph cord of its particular follicle, to run in or near the centre of the cords and rapidly end in a 
about the junction of the proximal with the muddle third of rich capillary plexus near the surface of the cord. This 
the follicle. The follicular artery may give off branches to plexus soon unites to form small veins which also run in or 
<upply the adjacent portions of the cords. Near the centre near the centre of the cords, but in a portion of the cord 
of the follicle the artery breaks up into a number of small, other than where the artery is found. The veins of the 


straight, long capillaries which diverge to the periphery of 
follicle. In 


others they do not. 


some cases these capillaries branch, in 
Just beneath the periphery of the follicle these capillaries 
and branching form a rich plexus of capillaries which 


The 


with a 


turn 


form small veins (Pig. 6) plexus of 


follicle is 


unite to 
the 


turn 
capillaries in continuous similar 
plexus in the cords. 

The veins formed in the follicle run toward the proximal 
end of the follicle to join a rich plexns of vetns. 


The arteries supplying the cords are, as a rule, quite short, 


VORMAL MENSTRUATION AND SOME 


(PRELIMINARY 


DuEL 


Most 


Gynecological in the Johns 


The conclusions stated in this note are based on two kinds 


of data—clinical and experimental. The first consists of serial 
menstrual records of more than 300 women, collectively ex- 


tending over more than 3000 menstrual periods. A large 


number of these records were made by the writer, month by 


month, when the women were under her personal observation 
in the Stanford University Gymnasium, and then were con- 
tinued by the women themselves during holidavs and vaca- 


tions away from the university. The records were supple- 


inented by preliminary statements, careful intermenstrual 


notes, and subsequent letters. The usual physical examina- 
tion for admission to the gymnasium was made by the writer 


in many cases: to this was added an intimate knowledge of 


the conditions under which the women were living and work- 


Second, laboratory 


experimental data on the 
blood 
Experimen- 
This 


ihr, respira- 


tion,’ urine, temperature, pulse and blood pressure, 
hlood counts, hemoglobin estimations and so on. 
tal work on the effects of clothing was also included. 


work has been done in the physiological laboratories of the 


Stanford and the Johns Hopkins Universities, and in Dr. 
Kelly's laboratory. The first work was done in May, 1893, 
in California, has been continued as opportunity offered 


and is still in progress. 
Some of the more important conclusions, which are based 
largely on the blood-pressure experiments and clinical data 


will be reported at this time. 


Respiration in Women,”’ 
May, 


Association, Jan. 3, 


Preliminary report as thesis for M. A. de- 


rree, Stanford University, [St \lso paper presented at Cali 


Lorbla Science 


cord soon join veins from neighboring cords, through the 


anastomosis of the cords, to form larger veitis which leave 
the cords to join the venw lympho-vlanduke. 
The veins from the follicles and adjacent portions of the 


cords unite to form a rieh venous plexus, which lies within 
the lymphatic structure. This plexus may be considered to 
he the origin of the venw Iympho-glandule, which, like the 
arteries. run in the trabecule to leave the gland at the hilus. 
The lymph channels are free from blood-vessels. 

This 


lviniph gland of the monkey. 


arrangement of blood-vessels is also found in the 


OF THE FACTORS MODIFYING TT. 
NOTE.) 
rer, A. M., M. D.. 


Hopkins Hospital Dispensary. 


Method. 


l persons 


Daily records of the blood pressure were made on 
The women were selected 

The 
\n at- 


tempt was made to continue the records long enough to cover 


women and 5 men. 
us representing normal conditions of menstrual health. 


men were all healthy adults and 4 were athletic. 


at least two periods of change in pressure; in some cases 
the observations extended over 19 days and some are still in 
The blood-pressure records were made with the 
Mosso. The 
daily at the same hour and under uniform conditions, per- 


Progress, 


sphygmomanometer of tracings were taken 


fect relaxation being secured and variable factors ex- 
cluded as far as possible. 

That a rhythmical fall of blood pressure, 
intervals, occurs in The 


records of the blood-pressure with the sphygmoma- 


Conclusions. 


both men and women. 


at definite 
daily 
nometer of Mosso on men and women under similar con- 
ditions of life and occupation give curves apparently indis- 
The fall in 


occurs near or at the menstrual period. In 


pressure in women 


all of the 


series of records the fall of blood-pressure was gradual from 


tinguishable in character. 


This from day to day shows 
The 


fall of pressure may extend over two or three days and the 


the mean average pressure, 


oscillations within rather definite limits. 
corresponding rise to the normal average pressure is gradual. 
There is usually a preliminary rise, above the normal average 
pressure; this occurs from 3 to 5 days before the onset of the 
main fall of pressure, which constitutes the principal fea- 
ture of the rhythm. In every case there was a preliminary 
fall, abrupt and definite, but usually not so extensive as the 


main fall of pressure; this preliminary fall was followed by 
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he normal or higher pressure before the principal 


a return 
fall occu In cases there was a distinct rise above nor- 
mal after the main fall of pressure before the return to the 
normal | oscillations. ‘These variations were not peculiar 
to either 

Wall mestructed on the subjective observations of the 
sense of | bem. shows ups and downs corresponding te 
he mal variations in pressure; the sense of maximum 


efficiency he individual corresponding to the time when 


the presstl s high, and lessened efliciency to the periods of 
low press The observations were carried on independ- 
ently of cach other, In no case was the change suflicient to 
ucapacitale the individual The time of low pressure ap- 


i both sexes, a period of inereased susceptibility. 


Lo 


If symptoms of any kind are shown they are apt to be given 
wothe of least resistance. For example. if a man or 
woman having a tendency lo digestive disturbances, the symp)- 


oms from (he digestive tract are likely to occur ai the period 
of low blood pressure: or when slight chronic catarrh 
frequently happens in this climate, there may 
«marked increase of from the respiratory tract. 

In women the fall in blood pressure most frequently oe- 
curs before the menstrual flow. the maximum fall being 
oineident with the onset of the flow: there is ao vradual 
return to the normal mean pressure by the time the men- 
struation ceases. Occasionally the fall occurred during the 
flow. 

While true dysmenorrhea is far too frequent, much of the 
so-called menstrual suffering is not dysmenorrhea but simply 


coincident functional disturbances in other organs, induced, 


possibly, by the favoring conditions of a lowered general 
blood pressure occurring near or at the time of menstruation. 
(Goodman's restricted definition of menstruation is adhere: 


ty A 


tract.) 


wriodi¢ sanguineous defluxion from the genital 


When the attention is of necessity directed to so obvious a 
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process as the menstrual flow, untrained women, especially if 
without absorbing occupation, naturally refer their lessened 
sense of well being and diminished sense of efficiency, which 
nay accompany the lowered general blood pressure occurring 
near or at the menstrual flow, to the function of menstrua- 
tion. When we remember how firmly fixed is the tradition 
that a woman must suffer and be incapacitated by this normal 
physiological function, it is readily understood how many 
women would call the depression due to lowered blood pres- 
sure, menstrual suffering, 

All statistics, however extensive or carefully taken, are 
likely to exaggerate the percentage of women suffering 
from dysmenorrhea, because the errors just mentioned are 
so difficult: to eliminate. 

The conception that functional disturbances other 
organs are considered and recorded as dysmenorrheea was 
first derived from the study of the clinical data and later 
strengthened by the blood-pressure experiments supple- 
mented by the notes of the persons studied. 

The conclusions of this paper would have been impos- 
sible had my clinical data consisted merely of isolated state- 
ments based on the general impressions, as to their own con- 
ditions, of individual women filling out a single menstrual 
record, and without a personal acquaintance with, and an 
intimate knowledge of, the habits of life and conditions of 
work of the women studied. 

Although space forbids detailed acknowledgements at this 
time. T wish to state my obligations for many favors received 
at Stanford University in the earlier work; to Dr. Howell and 
his associates, Dr. Dawson and Dr. Erlanger of the Physio- 
logical Department of the Johns Hopkins University; te Dr. 
Kelly’s liberality and generous encouragement which have 
made possible all of the later work. The intelligent co- 
operation of my former students and many friends and of 
the men and women who have recently given and are giving 


so much of their valuable time, has made this work possible. 


RETROJECTION OF BILE INTO THE PANCREAS, A CAUSE OF ACUTE THEMORRIAGIC 
PANCREATITIS. 


By W. S. 


Mr. 'T’.. awed IS. a corpulent and robust looking man, had 


wen subject to attacks of “ indigestion.” attended with pain 
in the epivastrium and a feeling of distention, for several 
years. Those attacks would sometimes incapacitate lim for 
business. Tle had a severe attack of this kind last Christmas 
tide. He described also attacks of “ vertigo.” which had laid 
him up for 8 or 10 days every spring, with perhaps one ex- 
At the end of April, 1901, 


in Baltimore after a hard railroad trip of about 


ception, for the past ten years. 
arrived 
S days. On the way, suffering with indigestion, he bought 

IWo-ounee package of bicarbonate of soda, half of which 


he consumed. After luncheon on the day of his arrival he 


M. D. 


was seized quite suddenly with a severe pain in the abdomen; 
he was nauseated and expressed his desire to be relieved of 
the “was in the stomach.” His physician administered 
calomel, and later nux vomica and carminatives. For 24 
hours he was relieved: then, after eating buckwheat cakes, 
the pain returned. Occasionally drinking large quantities 
of water, he forced himself with difliculty te vomit. He 
suffered almost constantly more or less pain for a week, but 
took his meals regularly and slept about as well as usual. 
About noon on the 5th of May, the pain became very se- 
vere: morphia administered hypodermically three times dur- 


ing the afternoon, } grain in all, did not give much relief. 


x 
| 
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At 9 p. m. I 


physicians. As 


Inhalations of chloroform had to be given. 


was asked to see him by his attending 


entered his bedroom, he was walking about his 
pajamas, excited and nervous, and his teeth chattering; he 
seemed to be in great pain. lis pulse was full and regular, 
92 the When [attempted to 


examine him he made an effort to keep quiet but in a moment 


first count and S87 the second, 


had to spring up again. Ile was sensitive to pressure over 
the epigastrium, but not exquisitely, the point of greatest 
tenderness being a little above and, | thought, to the right 
of the umbilicus, Ile was somewhat cyanosed. My atten- 
tion was called to the cyanosis by the print of my fingers on 
his abdominal wall. His condition was so good that I 
thought, with his physicians, he was probably suffering from 
eall 
during the night relieved him, [ am told, for the time, but 


In the morning he 


Ile refused to go to the hospital, haths 


stones. 


he had to be chloroformed frequently. 
was anxious to go to the hospital and was operated upon 
immediately after his arrival, about 11 a.m. 
Operation.—The cyanosis of the patient was much more 
striking as he was laid on the operating table, and he vomited 
The abdomen was not dis- 


as he was being anesthetized. 


tended, but the panniculus was very deep. On opening the 
belly through the middle line blood-stained thuid escaped and 


| 


at once it was noticed that the omentum showed abundant 


fat necroses: these necroses were to be seen in the subperi- 
toneal fat, in the mesentery, along the lesser and greater 
curvatures of the stomach, ete. In order to explore more 
fully the pancreas and to make sure that a certain hemor- 


rhage in the wall of the stomach, near the pyloric end, had 
not produced any serious lesion, the omental bursa was rap- 


opened, 


Nothing that could be designated as a tumor 
mass was made out; the entire region of the pancreas could 
be palpated. The tissues over the pancreas were slightly in- 
filtrated with blood-stained serum. The common bile duet, 
however, was distended to the size, perhaps, of an index 
finger, ‘The presence of a stone in the diverticulum was of 
course suspected, and a careful though hurried search made, 


but none could be felt: the fluid in the abdominal cavitv was 


rapidly sponged out anda ZAUZE pret k placed over the head 


of the pancreas. ‘The abdomen was then closed. The pal- 
tient died within 23 hours, 

Pain, vomiting, distention of the abdomen, sometimes an 
elastic swelling in the region of the pancreas, fluid the 


peritoneal cavity, pulse 140 to 160 or higher, cvanosis, col- 
|. 


Ipse —these are the svmptoms which the surgeon calls to 
case of acute hemor- 


that 
intestinal 


pictures to himself a 


pancreatitis, and 


mind whe he 


rhagic hence it is this disease has 


sO many times been considered acute obst rue- 


tion. My patient was strong, restless and walking about 
the room, not collapsed; his pulse was 92 the first count, 8? 
the second; the abdomen was not only not distended but, 
according to the patient, had greatly diminished in size during 
the few weeks preceding this iliness; the reduction in the size 


of his Waist, as « videnced hy the considerable space hetween 


the band of his trowsers and his abdominal wall, was a matter 
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which apparently gave him some concern, for he referred to 
it more than once, Vomiting, if present, was so inconspicu- 
ous a svinptom that it had not been noticed; the patient had 
perhaps 3 or 4+ times tickled his pharynx because he thought 
it relieved him to gag and bring up a little mucus from his 
When 
tion and again an hour before it, pain in the epigastrium and 


stomach, him about 13 hours before the opera- 


slight cyanosis were his only symptoms. But the pain must 
have been intense and seemed greater than T had ever seen it 
in cases of gall stone. [ had the misgiving that T was in 
the presence of an unfamiliar alfection and was prepared for 
a surprise when [ opened the abdomen; and yet acute pan- 
creatitis did not occur to me, my conception of the clinical 
picture was so different. But L shall not soon forget. this 
case; the excruciating pain in the epigastrium and the cy- 
anosis; altogether, a clinical picture different from anything 
that I could recall. To save my colleagues and students the 
humiliation of making the same mistake, I have thought 
that it might be well to represent graphically the only sign 
which this obscure case presented, the white print of finger- 
tips in a slightly cvanosed field just over the site of greatest 
pain. Attacks of acute hemorrhagic pancreatitis, mild and 
severe, are probably much more common than is generally 
supposed, and [ am sure that the clinical picture is  sufli- 
ciently definite to be easily recognized by the general practi- 
tioner. 

The autopsy was most carefully made by Dr. Opie, whose 
description of it will follow. The stone, which T could not 
find in my hurried search at the operation, was almost too 
minute to have been detected under the circumstances, and 
even at the autopsy it was only after prolonged handling and 
probing of the papilla itself outside of the body that the 
presence of a stone was determined, Opie has found that 
gall stones have been present in the majority of the more 
recently reported cases of acute hemorrhagic pancreatitis. 
In some instances they were, undoubtedly, not carefully 
searched for, ina few they may have been overlooked and in 
others they may have passed the papilla, having been arrest- 
ed in the diverticulum long enough to produce the lesion in 
the pancreas. If it is true, as this case and Opie’s expert 
ments recorded below prove almost beyond question, that 
acute hemorrhagic pancreatitis may be caused by bile retre- 
jected into the panereatic duct, the inference that milder 
lesions and subacute and chronic changes may be produced 
in the pancreas by the mere presence of bile in its ducts is 
natural. The fact that the entire pancreas is not always or 
even usually involved, normal areas being found here and 
there among the hemorrhagic ones, makes it seem not wW- 
likely that quite small patches may at times be affected and 
that the symptoms after very limited involvement might be 
overlooked or misinterpreted. Epigastrie pain, rapid pulse, 
nausea, vomiting and possibly hematemesis coming on either 
soon or long after operations upon the common duct might 
in some instances be attributable to lesions in the pancreas. 


The Mechanism —The arrangement of the parts concerned 
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in the production of acute hemorrhagic pancreatitis reminds 
me of the hydraulic ram in its primitive form. The ductus 
choledoclius is the feed pipe, the pancreatic duct the deliv- 
ery pipe and the calculus the ball valve or stop cock. 
Although | know of no experiment to determine the force 
with which bile may be ejected from the gall bladder, it is 
conceivable that the sudden and complete interruption of 
the flow of bile during digestion by a calculus might give 
rise to a retrojection spurt of considerable volume and ve- 
locity. But whether this force is considerable or not, since 
the pancreatic juice and the bile are secreted at almost the 
same, quite low (2%ffm. of water) pressure, it would prob- 
ably be suilicient, as Dr. Opie will show, to drive the bile 
into the pancreatic duct under the proper conditions. 

Why is pancreatitis hemorrhagica acuta such a rare disease? 

1. That bile may be retrojected into the pancreatic duct, 
the stone must be (a) too small to occlude the pancreatic duct 
or interfere with the force of the jet and at the same time 
(b) too large to pass the papilla. 

2. A narrow papillary orifice, such as we found in my case 
(a rare condition), would predispose to this aifection, because 
many stones small enough to fulfill (@) the first condition are 
too small to fulfill (0) the second. 

3. One calculus would be more likely to cause the pan- 
creatitis than several, for other stones in this duct, unless 
very small, would weaken the force of the bile-spurt which 
drives the ball valve against the papillary orifice. I have 
elsewhere called attention to this fact.’ 

1, The gall bladder must perhaps be normal or nearly so; 
not thickened, shrunken or weakened by inflammation. 
Accordingly, one must have a calculus or calculi which have 
produced insignificant changes, if any, in the walls of the 
bladder. 

5. The anomalies which Dr. Opie will consider protect a 
certain proportion of cases. 

6. A predisposition may be necessary, as is given by adi- 
posis and excessive use of alcohol. 

Apropos of what I have said as to the possibility of mild 
attacks of hemorrhagic pancreatitis after gall stone opera- 
tions, Dy Finney has just told me the story of a most inter- 
esting and perhaps not wholly unique case. Four months 
ago he did a choledochotomy for 2 large soft stones in the 


common duct. The duct was enormously dilated, the gall 


The stones were almost as mushy as 
The detritus 
was removed with extreme care and the duct afterwards re- 
peatedly flushed with the physiological solution; notwith- 
standing this it seemed to Dr. Finney that some grains 


ladder atrophied. 
damp salt, and crumbled to pieces in the duct. 


‘till remained in the duct. The incision into the common 
duct was sutured and the convalescence was entirely une- 
ventful except for a trivial leakage of bile beginning 
about the 7th day p. o. A few days ago, when in robust 


health, the patient was seized with excruciating pains in the 


‘Halsted. Contributions to the Surgery of the Bile Passages. The 
Johns Hopkins Hospital Bulletin, January, 1900. 
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epigastrium, unlike any that he had ever experienced. Dr. 
Finney was telegraphed for promptly and reaching the patient 
in a few hours found him vomiting, collapsed, cyanosed and 
suffering pain so severe that morphia in large doses did 
hot control it; the pulse was about 160, pressure over the 
pancreas was unendurable, the abdomen was distended. 
Acute pancreatitis was suspected, and operation, considering 
the collapsed condition of the patient, deemed inadvisable. 
The following day the patient was brought to the Johns Hop- 
kins Hospital, his condition was greatly improved and 48 
hours later he seemed perfectly well. 

Is it not probable that in this case one of the fragments 
increased in size may have been responsible for the attack ? 
Was the fragment passed? What were the lesions in this 
attack? Acute pancreatitis just beginning to be understood 
will probably soon become a household word. 

Treatment.—We must 
promptly, and to distinguish gall stone attacks per se from 


learn to make the diagnosis 
those attended with pancreatic complications. 

To search for and remove the stone in the diverticulum 
as soon as possible after the appearance of the first symp- 
toms would be the correct procedure in some cases if the 
true nature of the attack could be recognized early enough. 
If this patient of mine had been operated upon and the 
stone removed at some time prior to the onset of his severe 
symptoms, perhaps at any time within the first seven or 
eight days of his illness, it seems probable that his life could 
have been saved. Without operation there was little if any 
hope for him, for the conditions responsible for the lesions 
would have persisted. It was evident at the operation that 
the common duct was obstructed but the patient’s condition 
absolutely contraindicated prolonged search for the cause, 
which probably could only have been determined by open- 
ing the common duct or the duodenum, so minute was the 
calculus. Operation should not be undertaken upon cases in 
collapse, but the bloody fluid, probably highly toxic,” may 
be hastily evacuated by laparotomy (local anesthesia) in 
cases too ill for radical operation. 

Of 25 cases of acute hemorrhagic pancreatitis operated 
upon only two have recovered, a case operated upon by me 
eleven years ago* and Hahn’s case recently reported. 

In his recent article Prof. Hahn expresses a desire to learn 
if the operation performed by me in the case which recoy- 
ered was prolonged by the usual search for some cause of 
intestinal obstruction, and the hope that, in future, inocu- 
lations of culture media will be made from the blood-stained 
abdominal fluid. It gives me pleasure to be able to reply 
and to state that fat necrosis was at once observed, the 
diagnosis promptly made and the operation, therefore, prob- 
ably a short one: drainage was not employed. This patient 
is alive and apparently well. In the second case, inocula- 
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tions from the bloody abdominal fluid were made, and with 
negative results. 

li seems not improbable that, as Hahn states, the rap 
evacuation of the bloody iluid in’ the abdominal cavity 
may in some cases be beneticial. llahn believes that 
this thud is highly toxic and perhaps infectious, and empha- 
sizes the exemplitied one of the cases which he 
reports, that large retroperitoneal cxtravasations ol blood 
cause incomparably less disturbance than we see in’ these 
cases of hemorrhagic pancreatitis which the loss of blood 


insignificant. had read article only a few days 


prior to the operation upon this case and was acting 


upon his siggestion, but comme se quickly upon the di- 
lated common duet b felt myself compelled to make a hur 
ried search for the cause of the obstruction. Lt have little 
doubt that my operation hastened the death of the patient. 

lf a stone in Vater’s diverticulum was the cause of 
pancreatitis im omy first case, the one that recovered after 
operation, we must conclude that it passed the papilla, prob 
ibly during the attack, for it had produced syinptoms 
from the time of the operation, May, 1890, until June, E89, 
when he was examined in the hospital by Dr. Bloodgood. 
find that misinformed Dr. Worte® when wrote him that 
my recovered case had had a subsequent attaek. The attack 
referred to occurred in another case, one of suppurative pan- 


creatitis, operated upon and cured by my associate, Dr. Finney. 


Korte; Die Chirurgischen Kronkheiten und die Verletzungen des 
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THE ETIOLOGY OF HEMORRIEAGTO 
PANCREATITIS. 


By Eugene L. Orte, M.D. 


lustructor in Pathology, Johus llopkins University. 


From the Pathological Luboratery of the Johus Hopk University aud 


Hospital 


PATHOLOGICAL Revorr. 


In many reported cases of hemorrhagic and of gangrenous 
pancreatitis symptoms of cholelithiasis have been associated 
with the fatal iiness and at autopsy calculi have been found 
in the gall bladder or in the bile passages. In a recent arti 
cle’ L collected from the literature thirty-one cases of this 
character and deseribed an additional instance. In eight oi 
these cases, including the one which L reported, a gall stone 
was found at autopsy lodged near the orifice of the common 
bile duet or there was evidence that one had shortly before 
death occupied this position. Since the common bile 
and the duct of Wirsung unite to form the diverticulum of 
Vater before they enter the intestine, a caleulus so located 
might occlude both duets. In the greater number of these 


collected cases though caleuli were found at autopsy, none 


'Opie, Amer. Jour. of the Med. Sciences, 101, exxi, p. 27 


were situated near the junction of the two ducts. Neverthe- 


less since, as was pointed out, death with intense heimor- 
rhagic inflammation of the gland has in several instances fol- 
lowed within forty-eight hours the onset of symptoms and a 
calculus has been found near the duodenal orifice of the com- 
mon duet, ib is readily conceivable that a stone temporarily 
lodged in the position indieated might produce erave allera- 
tion of the gland before its tinal expulsion into the duode- 
ruin. In seven of the thirty one cases death followes he 
onset of symptoms, intense abdominal pain, vomiting and 


profound collapse, within forty-eight hours, and at aute s\ 


the pancreas was the seat of hemorrhagic intiltration In 
eventeen instances in which the fatal illmess was of longer 
duration, seven days to four mouths, the pancreas was can- 
vrenous and there was olten evidence ol previous 


rhage. There can be little doubt that gangrenous panicrea- 
(itis isa late stage of the hemorrhagte lesion. 

Chat acute (disease Is Frequently Vitn 
cholelithiasis has been contirmed bY cases reported since the 


preparation of the article referred to. The two conditions 


were present in three cases recently deseribed by Lun 1, mn 
two by Bryant’ and in one by Stockton and Williams,’ by 
Struppler’ and Ulalin. Phe relative frequency with 


Which acute pancreatitis is accompanied by cholelithiasis is 
diflicult to estimate. In some cases the lesion has been 
diagnosed upon the operating table and, no autopsy being 
obtained, the condition of the bile pilssayes has not been 
determined. In a very large proportion of the cases the 
autopsy report is so meagre that the presence or absence 
ol gall stones is not evident. Lund records the relatively 
large number of six cases of acute pram reatitis, one suppura- 
tive, live hemorrhagic or hemorrhagic and gangrenous. ‘Two 
of the five cases he deseribes as he morrhagic peripat reatitis, 
In three of these five cases the vall bladder or the bil pbs 
saves Contained small calculi in large number, while in the 
remaining two no autopsy was obtained. In the two cases 
reported by Bryant hemorrhagic pancreatitis was associated 
with gall stones. In only one of the five cases of Hahn were 
wall stones present, but in one of his cases hemorrhagic intil- 
tration of the gland followed a pistol shot wound and in 
another recovery followed operation. Gall stones were, there- 
fore, present in six of eight cases with autopsy described by 
three writers who have recently reported more than one 
instance of the disease. 

In view of the fact that in several instances a calculus has 
heen found at Aulopsy so lodged as to occlude the pancreatic 
duct, there can be no doubt that the frequent association of 
the two conditions is the result of an etiological relationship. 
The common bile duet and the larger pancreatic duct lie 
side by side as they penetrate the wall of the duodenum and 


are often separated near their junction only by a thin mem- 


Lund. Joston Med. und Sure. Jour., « xliii, 
Bryant, Lane et, 1900, ii, p. 1541 
Philadelphia Med. Jour., 1900, vi, p. 649 


Struppler. Deutsehe Areh. klin Med., 100, Twix, p. 206 


‘Stockton and Williams. 


*Tlabn Deutsche Zeitsehr. Chir, 1900, lviii, 


Be 


| 
J 
| 
| 
| 


Aprit-May—JuNr, 1901. | 


branous septum, while before entering the duodenum at the 
summul he bile papilla they unite to form a short chan- 
nel, the diverticulum of Vater. 


previously reported it seemed not improbable that a caleu- 


From a study of the case 


jus lodged in the common bile duct near its termination 
might cause partial occlusion of the pancreatic duct and sub- 
sequent changes in the pancreas as the result, possibly, of 
bacterial invasion. ‘This case, as well as those recorded in 
ure, alforded, however, no explanation of the 
‘The autopsy 


the literat 
pathogen of hemorrhagic intlammation. 
recently performed upon the case described by Dr. Halsted 
has demonstrated a mechanism by which this lesion is pro- 


duced. 
Aulopsy.— The body, which is still warm, is that of a large 


ry abundant subcutaneous fat. ‘he skin has 


Wil 
Passing downward from the 


a bluish cyanotic appearance. 
right costal margin to a point 10 cm. from the symphysis 
pubis is a longitudinal incision, closed in great part by sul 


cutaneous silver Wire sutures. Crossing the epigastric region 
and meeting the first at right angles is a second incision. At 
their angle of junction the wound is unclosed for a short 
distance and gauze packed about by rubber protective passes 
into the abdominal cavity. 

The peritoneal cavity contains a moderate excess of blood- 
fluid. 
is present in very great amount in the omen- 


stained serous The general peritoneal surlace ts 


smooth. lat 
tum, in front of the peritoneum of the anterior abdominal 
wall below the umbilicus, in the mesentery, in the retroperi- 
toneal tissue and as appendices epiploica upon the surface of 
| Studding the fat in the various situa- 


the large intestine. 


tions named and conspicuous upon its translucent surface are 


small usually round opaque white areas 2 to 3 mm. in diam 


They 


are superticially situated and extend usually less than 1 mm. 


eter, often surrounded by a narrow zone of injection, 


They are most abundant in the omentum 
The 


gauze drain previously mentioned passes between the stomach 


helow the surface. 


and in the retroperitoneal fat adjacent to the pancreas. 


and the transverse colon and lies in contact with the retro- 
peritoneal fat immediately below the head of the pancreas. 
llere the tissue has a reddish-black discoloration. 

The pancreas is represented by a blackish swollen mass 
extending from the descending part of the duodenum to the 
The fat in contact with its splenic end has a similar 
The 


greatly increased in size, is irregularly cylindrical in’ shape 


spleen. 


lackish color and is soft and friable. pancreas is 


and measures 5.2 em. antero-posteriorly, 5.5 cm. from above 


down, and 16 em. in length. The anterior surface is smooth 
and has an almost uniform black color in places with a red- 
dish tint. On seetion the gland substance is found to be in 
zreat part transformed into black and reddish-black material. 
The head of the organ for a distance of 2.5 em. from the 
duodenum is firm, gray yellow, with well marked lobulation, 
and has the appearance of the fresh normal pancreas. Tissue 
Which is in immediate contact with this well preserved gland 
s soft and black in color, mottled here and there 
with small areas of dull red; gland lobulation is still very 


substance 
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obscurely marked. The distal half of the organ shows a 
similar mottling of black and reddish areas with in places 
The 


largest of these, which is of reddish-yellow color, gradually 


small islands of yellowish, relatively preserved tissue. 


passing into the surrounding reddish-black, is 1.4 em. in 
diameter and is situated near the middle of the body. At 
the splenie extremity is a slightly smaller mass of intact gland 
substance. On opening the splenic vein where it lies in 
contact with the pancreas the intima is found to have a mot- 
tled yellow, blackish and red appearance, due to changes in 
the underlying tissue. Occupying a portion of the lumen is 
a mixed red and yellow thrombus mass, firm in consistence 
and adherent to the intima. 

The duodenum was opened and the common orifice of the 
bile and pancreatic ducts examined. The papilla is promi 
nent but its orifice is of small size measuring | mm. in 
diameter. The common bile duct which near its termination 
is completely embedded in the substance of the pancreas is 
slightly distended. By very firm pressure on the gall bladder 
several drops of bile can be squeezed with difliculty into the 
duodenum, The gall bladder when opened is found to con- 
(ain a moderate amount of viscid blackish bile; no concretions 
are present. The termination of the pancreatic duct, which 
is surrounded by the well preserved pancreatic substance in 
contact with the duodenum, was exposed by dissection and 
found to unite with the common bile duct 10 mm. from the 
summit of the bile papilla. A probe passed down the com- 
mon duct was stopped -- mim. from the latter point, and it was 
not possible to touch it with a second probe passed into the 
narrow orifice. Careful examination disclosed a small gray- 
white, very firm concretion 3 mm. im diameter, snugly filling 
the diverticulum of Vater from which it could not escape 
through the narrow duodenal orifice. ‘The pancreatic duct, 
where it passes through the intact tissue of the head, is like 
the common duct stained bright green with bile. 

The heart and lungs are apparently normal. ‘The liver 
weighs 1550 grms. The surface is smooth and of yellowish 
color; upon the upper surface of the right lobe are conspicu- 
ous slightly depressed dull red areas which are irregular in 
shape, the larger about 2.5 cin. across, The cut surface of 
the organ has a bright yellow color, the periphery of the 
lobules being golden-yellow, the central reddish.  Cor- 
responding to the superticial red areas the liver substance has 
a similar dull red appearance, the periphery of the lobules 
heing marked by narrow yellow zones. Such altered tissue 
has at times an irregularly wedge-shaped outline and within 
it are found portal veins distended and plugged with red 
thrombus material. Following the vein in one of these areas 
toward the main portal trunk, the thrombus stops abruptly 
and near its end is of yellowish-white color, representing 
probably embolic material from the thrombosed splenic vein. 
The spleen is not enlarged and weighs 140 germs. The 
organ is flaceid but fairly firm in consistence, 

The stomach contains a small amount of blackish semi- 


fluid material. The duodenum and remainder of the small 


The kidneys, weighing 


intestine contain similar material. 
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together 290 grms., appear to be normal, except for the 
presence of opaque yellow striations near the apices of the 
pyramids. ‘The adrenals, the bladder, the seminal vesicles 
and the prostate are normal. Upon the intima of the aorta 
are a few slightly raised opaque yellow patches of small size. 
The urine contained in the bladder does not reduce Fehling’s 
solution. 

Microscopic examination of the pancreas.—A section passing 
through the line of demarcation between the intact paren- 
chyma in the head of the gland and the adjacent necrotic 
tissue shows a very abrupt transition from the one to the 
other. On the one side the pancreatic tissue is well pre- 
served, the secreting cells are normal in appearance and their 
basal zone stains deeply with hwmatoxylin, while islands of 
Langerhans are fairly abundant and appear to be normal. 
The loose interlobular areolar tissue is everywhere infiltrated 
with red-blood corpuscles; polynuclear leucoeytes are present 
in large number and often form collections of considerable 
extent. Eosinophilic leucocytes are numerous and fibrin is 
abundant. Between the acim are a few polynuclear leuco- 
eytes. Within the margin of the intact tissue are several 
small areas where the parenchyma is undergoing necrosis. 
The secreting cells no longer stain with hematoxylin, but 
assume a homogeneous clear pink color with eosin; the nuclei 
which are still preserved are much smaller than those of the 
normal cells and unlike the latter are irregular and distorted 
and stain homogeneously. Small hemorrhages have taken 
place into the interacinar tissue of such an area, and poly- 
nuclear leucocytes are present in moderate number. Nearby 
in similarly localized areas the process is more advanced and 
the parenchymatous cells are replaced by formless material 
which staining faintly is mingled with a few nuclear frag- 
ments and is densely infiltrated with polynuclear leucocytes 
and red-blood corpuscles. 

The transition from relatively normal parenchyma con- 
taining a few islands of necrosis to wholly necrotic tissue is 
very abrupt and is marked by a zone composed of nuclear 
fragments, polynuclear leucocytes, red-blood corpuscles and 
fibrin. That part of the section which corresponds to the 
black and reddish-black material seen macroscopically is ne- 
crotic, nuclei are no longer present and though the architec- 
ture of the gland is still obscurely definable both parenchyma 
and connective tissue stain only with eosin. At intervals in 
areas of varying extent the tissue has a dark brown discolora- 
tion due to the presence of brown pigmented material which 
appears to be changed blood. 

Sections from the body and tail of the organ present the 
appearance described above. In the intact tissue of the tail 
well preserved islands of Langerhans are particularly num- 
erous. In a section from the body nuclei still persist imme- 
diately about an artery, though the surrounding tissue is 
universally necrotic. Its endothelial cells are swollen and in 
places are almost cubical. In the media and adventitia, of 
which the vasa vasorum are preserved, polynuclear leucocytes 
are very humerous. 

In sections stained by Weigert’s method for the demon- 
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stration of fibrin was noted a histological detail inconspicuous 
by other methods. Capillary vessels in the living tissue near 
the margin of necrosis as well as in the immediately adjacent 
necrotic part have undergone hyaline thrombosis and form 
conspicuous deep blue, often branched, lines as though in- 
jected. Examination with high magnification demonstrates 
at times a close meshwork of fibrils in these vessels. In 
sections stained with hematoxylin and eosin their contents 
take a homogeneous bright) pinkish-red stain red-blood 
corpuscles are no longer seen, as in adjacent capillaries. 

In sections stained for bacteria with methylene-blue, with 
gentian violet, and by Weigert’s method, none were dis- 
covered, 

Bacteriological examination.—Plate cultures agar-agar 
were made at autopsy from the heart’s blood, peritoneal 
cavity, pancreas (aérobic and anaérobic on hydrocele agar- 
agar), gall bladder, liver, spleen, and kidney. They were 
studied by Mr. V. H. Bassett to whom T am indebted for the 
following report. Cultures from the heart’s blood, spleen, 
and gall bladder gave negative results. The anaérobice culture 
from the pancreas showed no growth after an incubation of 
seventy-two hours. The aérobic agar-agar plate from the 
pancreas contained at the end of twenty-four hours a single 
superticial colony of a pigment forming coccus whose cul- 
tural characters indicated that it was a contamination from 
the air. The streptococcus pyogenes and the staphylococcus 
epidermidis albus were isolated from the peritoneal cavity. 
The colon bacillus was present in cultures from the liver and 
kidney. 

Anatomical diagnosis.—Cholelithiasis: calculus impacted in 
the diverticulum of Vater partially filling it and occluding 
its duodenal orifice. Acute hemorrhagic pancreatitis; «is- 
seminated abdominal fat necrosis. Partial thrombosis of the 
splenic vein; embolism and thrombosis of branches of the 


portal vein. 


The preceding autopsy has disclosed a condition which 
explains, [ believe, the pathogenesis of those cases of acute 
hemorrhagic and gangrenous pancreatitis which are associated 
with gall stones. The diverticulum of Vater was 10 mm. in 
length. Lodged at its apex, blocking its duodenal orifice, 
was a small calculus only 3 mm. in diameter, but too small 
to pass the narrow opening. Though it occluded the duo- 
denal orifice of the diverticulum it was so small that the 
orifices of the common bile duct and pancreatic duct were 
unobstructed. The two ducts were therefore, converted into 
a continuous closed channel from which it was not possible 
for either bile or pancreatic juice to escape. 

On dissecting the pancreatic duct where it passed through 
the unchanged parenchyma in contact with the duodenum it 
was found, like the bile duct, to be stained bright green with 
bile. Where, as in this case, the two duets become a closed 
channel, the entrance of bile into the pancreas or of pancreatic 
juice into the bile passages would depend upon the relative 
pressure in the two ducts. The pressure at which bile and 
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pancreatic juice are secreted being small, any slight difference 
that might exist would be overcome by the gall bladder, a 
in which at intervals forees bile in considerable 


muscular org 
quantity Longe the common duet. 
A smal! calculus only partially filling the ampulla of Vater 


can convert the two duets into a continuous channel, while 


a larger stone might simultaneously obstruct the duodenal 
orifice of the diverticulum and the orifices of the two duets 
whieh enter it, thus damming back bile and pancreatic juice 
upon their respective glands. In the present case, as pre- 
viously mentioned, the diverticulum measured 10 mm. in 
length, the caleulus 3 mm. in diameter. In many cases of 


hemorrhagic and gangrenous pancreatitis gall stones found in 


the gall bladder and bile passages at autopsy have been small 
and are often deseribed as pea-sized. This statement is made 
in the reports of Day,’ Cutler, Kennan,’ Simpson,” Chiari” 
(two cases), Smith,” Ehrich,” Fraenkel,“ Korte," Morian,* 
Rolieston,” Grawitz," Opie,” Bryant” and Lund® (three 
cases). 

Anatomical peculiarities of the diverticulum of Vater 
might favor or prevent the conversion of the two ducts into 
a closed channel. The description of the ampulla given by 
Sappey. ‘Testut,* Henle and Quain does not differ materi- 
ally. It may be described as a somewhat conical cavity into 
whose hase open the two ducts; the apex situated at the sum- 
mit of the diverticulum is their common duodenal orifice. 
Its length varies from 6 to 7 mm. according to Testut, from 
to 8 mm. according to Sappey. Occasionally the two ducts 
have no common channel, but open by separate orifices upon 
the summit of the bile papilla. Claude Bernard ™ deseribed 
a variety of termination which has since been observed. 
The bile duct is prolonged as far as the mucosa of the duo- 
denum, upon which it opens by a circular orifice. The 
terminal part of the pancreatic duct embraces the bile duet 
like a gutter and its orifice has the outline of a crescent. 
Where the ampulla is very short or the two ducts open sepa- 
rately into the duodenum it is evident that an impacted 
calculus could not render continuous the lumina of the two 
duets. 

‘Day. Boston Med. and Surg. Jour., 1892, exxvii, p. 569, 

‘Cutler. /hid., 1895, exxxii, p. 354. 

‘Kennan. Brit. Med. Jour., 1896, ii, p. 1442. 

“Simpson. Edinburgh Med. Jour., 1897, ii, p. 245. 

"Chiari. Wiener Med. Wochensch., 1876, xxvi, p. 201; /bid., 1880, 
XXX, pp. 150, 164. 

Smith. Brit. Med. Jour., 1897, ii, p. 468. 

“Ehrich. Beitrige z. klin. Chir., ISOS, xx, p. 3516, 

Fraenkel, Miineh. med. Wochenseh., 1896, xliii, pp. 813, 844. 

"Korte. Arch. f. klin. Chir., 1894, xviii, p. 

Morian. Miinch. med. Wochensech., 1899, Ixvi, p. S48. 

"Rolleston. Trans. Path. Soc. of London, 1893, xliv, p. 71. 

“Grawitz, Miinch. med. Wochensch., 1899, xlvii, p. SIS. 

920 Loe, cit. 

“Sappey. Traité d’anatomie descriptive. Paris, 1SS9. 

*Testut. Traité d’anatomie humaine. Paris, 1894. 

‘Henle. Handbuch der Systematischen Anatomie des Menschen. 
Braunschweig, 1873. 

“Quain. Elements of Anatomy, London, 1896. 

* Quoted by Sappey. 
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| have recently examined the diverticulum of Vater in a 
small number of cases available. In three specimens (Nos, 
3, 11 and 13) the duets opened into the intestine by separate 
orifices. The following figures represent the length of the 


ampulla in these cases: 


5 mm. 2.5 mm. 

4 13 0 
rere 7 15 1.5 


No. 6 is from the case previously reported, No. 7 the one 
described in the present article. The figures are cited to 
show that the length of the so-called diverticulum varies 
considerably. 

“Another anatomical factor of considerable importance is 
the size of the duodenal orifice of the ampulla. ILyrtl * states 
that this opening is narrower than the lumen of the gall duet 
at any point or is at least less distensible so that gall stones 
often remain here impacted. In the autopsy described the 
opening measured only 1 mm. in diameter. In most in- 
stances it measured 2 to 2.5 mm.; in specimen No. 9 the 


diameter was 4 mm. 


EXPERIMENTAL Stupy. 


Hemorrhagic pancreatitis has been produced experimen- 
tally by the injection of a variety of irritating substances into 
the pancreas, but no attempt has been made to reproduce the 
lesion by the use of bile. 

Thiroloix * injected several drops of deliquescent chloride 
of zine into the duct of Wirsung in a dog. Death occurred 
suddenly after a short interval and the pancreas was repre- 
sented by what appeared to be a blackish clot. Hlava * in- 
jected artificial gastric juice into the pancreatic duct. This 
fluid, containing hydrochloric acid in the proportion of 1 to 
1000, caused death in three days; the pancreas was hyperemic 
and in the fat of the omentum and of the mesentery were 
numerous foci of necroses. Death on the tenth day followed 
the injection of 5 ce. of artificial gastric juice with hydro- 
chloric acid 4 to 1000; the pancreas was the seat of hemor- 
rhagic infiltration and the omentum and mesentery contained 
foci of fat necrosis. He suggests that in human cases hyper- 
acid gastric juice may be forced by antiperistaltic action of 
the intestine into the pancreatic duct, thus causing the con- 
dition. Tava has produced a hemorrhagic lesion of the 
gland by injecting cultures of the bacillus coli communis, 
bacillus lactis aérogenes, and bacillus capsulatus of Fried- 
linder, but thinks that the change is the result of the acid 


products of these organisms. 


Hyrtl Handbuch der Topographischen Anatomie. Vienna, I8s2 
*Thiroloix. Quoted by Carnot (see below). 


*Hilava. Quoted by Flexner (see below). 
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records the injection of ce. of normal sulphuric 
Death fol- 
In the duodenal part of the gland 


acid solution into the panereatic duct of a dog, 

lowed in twenty hours. 

was a hemorrhagic area the size of a pea where the tissue was 

destroyed and its structure no longer recognizable. By the 


Injection of the ferment, papaine gris. 30 ce. ot water), 


nto the duct of a dog, Carnot caused the death of the 


‘uinunal im twenty-live hours; the pancreas was everywhere 
inliltrated with blood but there was no necrosis of fat. 
| | rey 
Smaller doses did not produce hemorrhagic lesions, he 
ame writer produced hemorrhagic pancreatitis by the injec 
tion of the diphtheria toxine into the pancreatic duct of a 


rabbit. A suspension of the bacillus coli communis (12 ce.) 


caused a similar lesion fatal in twenty-four hours. Subse 


quent injections of the same organism caused intlamimatory 
changes without hemorrhage. 
varied and successful expernments have been pel 


formed Die. In laboratory, In ten exper- 


ments performed upon dogs hydrochloric acid varying in 


strength in different instances [rom 0.5 to 2 per cent, and 


in amount trom o to dS ce., was injected into the panereatic 


duet. In six instances there resulted hemorrhagic intlam- 


imation of the gland, accompanied in- tive by focal fat 


In three of these cases death followed the oper- 


ation within twenty hour in two the animus were 


In the remaining experiments purulent or chronic 


killed. 


interstitial inthammetion resulted. lesions were 
produced in two dogs by the use of nitric acid (Lt ce. of a 2 
per cent solution and 5 ce. of a L per cent solution); in one, 


by the use of chromic acid (8 ce, of a L per cent solution). 


In a second series of experiments sodium hydroxide solution 


(2.5 to 5 ce. of solutions varying in strength from Ll per cen 


i 


2 ILemorrhagic lesions resulted 


to 2 per cent) was employed. 
in three cases and were accompanied by fat necrosis in at 


least two. Suspensions of bacteria were used in a third series. 


Ilemorrhagic inflammation was caused by the bacillus pyo- 


ceyaneus and in three experiments by the bacillus diphtheriwe 


hut was unaccompanied by definite fat necrosis. In two ex 
periments the lesion followed the injection of 5 ee. of a 2 


percent solution of formalin into the duet and was associated 


Vilh tat neerosis, 


The experiments ciled show that a variety of substances 


injected into the duet of the pancreas cause hemorrhagie in 


lamination.  Tlow far they can be used to explain the patho 


venesis of human cases is doubtful. The suggestion of Tava 
ib gastric juice may be driven by antiperistaltie action of 


the intestine into the duets is not supported hy any evidenec. 
The relation of hemorrhagie pancreatitis to bacterial invasion 


rom the intestine has not | 


wen demonstrated, 


The condi 
tion rved the desc ribed has suevested a meeh- 


nism by which an irritating substance can make its way into 


Ose! Die Erkrankungen des Pankreas. Nothnagel’s Spee. Path. 
Ther ii, p. 286. Vienna, 
‘Carnot Paris Thesis, 


Flexnet Contributions to the Seienee of Medicine, Dedicated to 


Wm. Hl. Weleh, M2 D., p. 745. Baltimore, 1900, 


[Nos. 121-122-123. 
the organ. Can the hemorrhagic intlammation observed jp 
human cases and produced in animals by means of various 
irritants be reproduced by the injection of bile into the 
pancreatic duct? 

In the following experiments the duodenum of dogs was 
opeged for a distance of several centimetres Opposili the 
larger pancreatic duct. The blunt pointed nozzle of a syringe 
Was inserted into the orifice ol the duct and bile obtained 
from the same or from a second dog was injected into the 
organ. ‘The operations were performed with the usual anti- 
septic precautions and the duodenal wound was closed by 
submucous mattress sutures.  L desire to express my thanks 
to Mr. Bassett, Mr. Haskell and Mr. \W 


ance in the performance of these operations. 


Marshall for assist- 
Hapertment 1.—I\nto the larger pancreatic duct was injected 
> ce. of bile obtamed from a second dog. ‘The animal was 


killed seven days later. ‘Phe peritoneal cavity contains a 


small amount of bloody fluid and the surface is injected. 
The large and several loops of the small intestine are firmly 
adherent to the splenic arm of the pancreas, and on separating 
them are exposed pockets containing very thick viscid thuid 
of dull red color. The walls of these pockets have in places 
the opaque white appearance of necrotic fat. «The splenic 
part of the gland and the duodenal part, above the duodenal 
oriice of the main duct, is firm in consistence and both 
upon the surface and on section shows a mottling of opaque 
yellowish-white areas separated by deep hemorrhagic red. 
Over a considerable area at the junction of the duodenal aud 
splenic parts of the gland the tissue is almost uniformly 
erayish-yellow and is places softened and disintegrated. 
Cultures and coverslips from the peritoneal cavity and from 
Micro- 


scopic examination of the splenic and duodenal parts of the 


the substance of the pancreas contain no bacteria. 


eland show that wide areas of parenchyma including entire 
sroups of lobules are necrotic and the secreting cells, which 
have a homogeneous hyaline appearance and are stained 
deeply with eosin, contain ne nuclei. At the margin of such 
areas red-blood corpuscles and polynuclear leucocytes are 
present in great number and fibrin is abundant. In places 
the bodies of the secreting cells have been converted inte 
formless detritus mingled with red-blood corpuscles and leu 
coeytes. The interstitial tissue may be implicated in- the 
veneral necrosis but offen it has undergone very active pro- 
liferation and has in smalk part replaced the disintegrated 
acini. Islands of intact parenchyma still persist places 
and are surrounded by newly-formed fibrous tissue, con- 
taining red-blood corpuscles and polynuclear leucocytes. 
Baperiment 2.—Wile (5 ce.) from a second dog was injected 
as before. The animal was killed at the end of five days. 
Lighily adherent te the part of the panereas which is in con- 
tact with the duodenum are several loops of small intestine. 
In the omental fat are several opaque white areas of fat 
necrosis, While near the splenic extremity are several incon- 
spicnous foci of a similar nature. In the duodenal part of the 
vland in the neighborhood of the orifice of the larger duct 


for a distanee of 3.5 em., there is extensive hemorrhagic infil- 


3 


5 
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tration separating islands of parenchyma. In places the 
jand substance is soft and of gray necrotic appearance. ‘The 
splenic part is lirm in consistence and at several points ure 
areas vl liciuorrhagic infiltration. Microscopic cxamination 
of sectious from the hemorrhagic duodenal part shows wid 
areas of necrosis inplicating both lobular and interstitial 
tissue. [he pareachymatous cells are hyaline and without 
yuclei. Copious hemorrhage has taken place into these areas 
and at the margin of intact tissue polynuclear leucocytes are 
numerous. is abundant in the necrotic interlobulat 
tissue. =\iicre widespread destruction has not occurred there 
has been active proliferation of interstitial tissue replacing 
part estroyed parenchyma and containing numerous red 
The remaiuing 


COT} List les and poly nuclear leucocytes. 


acini are ollen separated by newly-formed interstitial tissue 
and thtre is the appearance of advanced chronic inflamma 


tion, In the splenic part of the gland foci of necrosis with 


wmorriage occur and in small scattered areas there is newly- 
formed connective tissue. 
Kaperiment o—Alter opening the duodenum 5 ce. of bile 
obtained trom a second dog Was injected Lhe 
duct. Death followed within twenty hours. The peritoneal 
cavily colilains several cubic centimetres of bloody tluid and 
the peritoneal surface has an irregularly distributed, deep 
red Injecuiou. The entire omentum is studded with con- 
spicuous opaque wile areas of fat necrosis, usually round, | 
tu 1.5 mum. in diameter, and surrounded by a zone of injec- 
lion, ‘They are most abundant in the neighborhood of the 
spleen, WiLere superticially und on section they occupy about 
one-halt the exposed surface. In the mesentery of the duo 
denuim near the pancreas they are hiunerous, but im the re- 
mainder of the mesentery of both large and small intestine 
they are sparcely scattered. Similar foci are present in the 
retroperitoneal fat and in the properitoneal fat beiow the 
diaphragm. The splenic arm and the upper half of the at- 
tached duodenal part of the pancreas are swollen and wdema- 
lols In appearance and the lobulations are separated by tissue 
infiltrated with blood. The cut surface has a mottled dull 
red and gray color, the interstitial tissue being hemorrhagic, 
vhile minute hemorrhages are in places seen within the lobu- 
lar substance. ‘The left lung is the seat of a mucopurulent 
bronchitis, A culture made from the peritoneal cavity re- 
mained sterile. A short bacillus was grown from the pan- 
creas. Microscopical examination shows that the dull red 
ifeas of the panereas represent foci of necrosis where the 
jarenchymatous cells stain only with eosin and no longer 
rentain nuclei The blood-vessels here are widely dilated 
and abundant hemorrhage has frequently taken place. Poly- 
Melear leucos yles are present hut are not very humerots, 
Such an area of necrosis and hemorrhage is at times limited 
lo the central part of a lobule group, while the acini further 
‘rom the central duet are intact. The interstitial tissue 
artteularly of the duodenal part of the gland has an eedema- 
fouls Appearance and contains red blood corpuscles, polynu- 


Clear leucocytes and fibrin. 


rperiment 4. 


By means of a sharp pointed needle 3 ee. 
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of bile was withdrawn trom the gall bladder and injected 
into the larger pancreatic duct. ‘Lhe anual was killed at 
the end of seven days. Upon the surface of the pancreas 
Where it is in contact with the duodenum are a few sparcely 
scattered opaque white areas of small swe. in the omentum 
near the glaud are a few sunilar foci of necrosis. 


creas is normal in consistence and no change is noted macro 


Phe pan- 
scopically. Microscopic cXalmiination shows the interstitial 
tissue of the splenic and duodenal parts of the gland mod 
crately infiltrated in places with blood COP pUse les, While here 
wid there it is distended and has an wdematous appearance. 
The parenchyima is normal in the sections examined, 
Lapertment d5-—The operation previously described was 
repeated and %.o ce. of bile was withdrawn from the gall 
bladder and after opening the duodenum injected into the 
larger panereatic duct. ‘Phe dog was killed at the end of 
four days. ‘The pancreas which is not adherent to the adja 
cent structures is firm in consistence and has throughout a 
reddish-gray color, but is nowhere hemorrhagic. On thie 
surlace of the duodenal part in contact with the duodenum 
are sparcely scattered opaque white areas ol lab hecrosis, 
Microscopic examination ol a section from the duodenal part 
vf the gland shows that newly-formed cellular connective 
tissue has in a small area replaced the glandular ciements. 
Proliferation of cells has occurred in the adjacent interlobula 
tissue Which contains in abundance red blood corpuscles, poly- 


nuclear leucocytes and fibrin. 


Should bile enter the pancreas after occlusion of the distal 
end of the diverticulum of Vater, its only opportunity for 
escape would be by way of the lesser pancreatic duct. In 
order to reproduce this condition, in the following experi- 
ments the duodenum was not opened, but the duct was 
exposed. where it approaches the intestine, ligated close to 
the duodenum and partially cut across. by means of a 
syringe with a blunt nozzle, bile was injected into the distal 
end of the duct which was then ligated. 

Haperiment 6.—I\unto the larger duct was injected 5 ce, ol 
bile obtained by puncture from the dog’s gall bladder. ‘The 
animal died twenty-four hours later. ‘The peritoneal cavity 
contains no excess of thuid. Opaque white areas of fat ne 
crosis are numerous upon the surface of the duodenal part 
the 


Similar foci are present in both layers 


of the pancreas and in the immediately adjacent [at « 
duodenal mesentery, 
of the mesentery near the stomach and pancreas and in the 
fat in contact with the splenic part of the gland. The inter- 
stitial tissue of the duodenal part over an area near the orifice 
of the larger duet, 2.5 em. in width, shows deep red hemor- 
rhagie infiltration. The parenchyma throughout the gland 
is mottled, small dull red areas alternating with more normal 
vray yellow gland substance. This hemorrhagic appearance 
of the parenchyma is most marked in the duodenal part of 
the gland where there are homogeneous dull red areas of 
considerable extent. Both lungs contain extensive deep red 
areas which are feirly firm in consistence and exude very 


abundant frothy serum. Microscopic examination of all parts 
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of the pancreas shows the presence of numerous foci of ne- 
crosis. The gland cells have assumed a hyaline appearance 
and have lost their nuclei. The blood vessels in these areas 
are widely distended and at times there is abundant extravasa- 
Polynuclear leucocytes in mod- 


The inter- 


tion of red blood corpuscles. 
erate number are seen between the necrotic cells. 
lobular tissue is in many places much distended, containing 
red blood corpuscles, polynuclear leucocytes and fibrin. 
Harperiment The operation already deseribed was re- 
peated and 3.7 ce. of bile obtained from the gall bladder ot 
the same dog was injected into the larger duct. The animal 
was killed three days later. Upon the surface of that part 
of the pancreas which is in contact with the duodenum and 
in the fat immediately adjacent to the splenie part are a few 
opaque areas of necrosis. The pancreas is very firm through- 
out. On section the glandular lobules are found to be sepa- 
rated by septa of interstitial tissue which are firmer and 
thicker than usual and near the termination of the larger 
duct infiltrated with blood. In the duodenal splenic 
parts of the gland microscopic examination demonstrates 
within the lobular tissue numerous small areas where newly- 
formed, very cellular interstitial tissue replaces groups of 
acini. The interlobular tissue is infiltrated with red blood 
corpuscles and often contains in great abundance polynuclear 


leu ocytes and fibrin. 


SYNOPSIS OF EXPERIMENTS, 


I.—DvopENUM OPENED AND Duct INJECTED. 


of bile. of death, Pancreas. I 


Killed in 


at. 


Hemorrhagic intlamma- Fat necrosis 


7 days. tion and sclerosis. near pancreas, 
No. 2 Killed in Hemorrhagic inflamma- 
5 days. tion and sclerosis. 
No . Died in Hemorrhagic inflamma- Extensive 
20 hours, tion. fat necrosis. 
No. 4 Killed in Slight hemorrhagic Slight 
7 days. infiltration. fat necrosis, 
No. 5 » 5 Killed in Slight hemorrhagic in- Slight 
4 days. tiltration and sclerosis. fat necrosis. 
OPENED, INJECTED AND LIGATED, 
No. 6 ied in Ile me rrhagic inflamma Wak 
24 hours. tion. ‘ 
No. 7 , Killed in Hemorrhagic intlamma- Slight 
3 days. tion and sclerosis. fat necrosis. 


The injection of 5 ce. of bile into the pancreatic duct caused 
hemorrhagic inflammation of the gland in four dogs, two of 
which died within twenty-four hours after the operation. 
Death did not follow the use of smaller amounts and the 
changes produced in the organ were less wide spread and 
severe. In every case necrosis of the adjacent fat accom- 
panied the lesion of the pancreas, and in the two instances in 
which death occurred spontaneously foci of necrosis were 
abundant and disseminated. In Experiment No. 1, though 
the entire splenic arm of the gland was the seat of an intense 
inflammatory reaction, coverslips and cultures demonstrated 
the absence of bacteria. The presence of bacteria in the 
pancreas of dog No. 2, which died twenty hours after the 
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operation, is not surprising since the injection was made 
through the duodenal orifice of the duct. 

Microscopic examination contirmed the diagnosis of hemor- 
rhagic pancreatitis and demonstrated the identity of the ex- 
perimental lesions with that which occurs in human cases, 
The injected bile first causes necrosis of the parenchymatous 
cells with which it comes into contact. They loose their 
nuclei and their protoplasm assumes a homogeneous livaline 
appearance and stains deeply with eosin. The injurious 
action of the irritant upon the blood-vessels is manifested by 
the occurrence of hemorrhage into these necrotic areas. An 
inflammatory reaction now ensues and is characterized by the 
accumulation of polynuclear leucocytes and fibrin in the in- 
terstitial tissue and in the necrotic parenchyma. The ne- 
crotic material undergoes disintegration and a rapid new 
growth of interstitial fibrous tissue in part or wholly replaces 
it. Where death does not rapidly follow the primary etfects 
of the operation opportunity is given for the occurrence of 
secondary changes in the gland. The experimental lesion is 
not in all cases so extensive as that recorded in the accom- 
panyving autopsy report. In these experiments a single injec- 
tion of bile is made, while in the human case bile is repeatedly 
poured into the organ. 

CONCLUSIONS. 


(1) A small gall stone impacted in the diverticulum of 
Vater may occlude the common orifice of the bile duct and 
duct of Wirsung and convert them into a continuous closed 
channel. Bile enters the pancreas by way of the pancreatic 
duct and the pancreas becomes the seat of inflammatory 
changes characterized by necrosis of the parenchymatous 
cells, hemorrhage and the accumulation of inflammatory 
products. Anatomical peculiarities of the diverticulum of 
Vater do not permit this sequence of events in all individ- 
uals. 

(2) Injection of bile into the pancreatic duct of dogs causes 
a necrotizing hemorrhagic inflammation of the pancreas re- 
sembling the human lesion, and like it accompanied by fat 
necrosis. Necrosis of the parenchymatous cells and hemor- 
rhage represent the primary action of the bile; an inflamma- 
tory reaction rapidly follows. 

(3) The frequent association of cholelithiasis with hemor- 
rhagic and gangrenous pancreatitis is the result of impaction 
of gall stones at the orifice of the diverticulum of Vater and 
penetration of bile into the pancreas. 


THE JOHN W. GARRETT INTERNATIONAL 
FELLOWSHIP. 

It is gratifying to be able to announce that the John W. 
Garrett International Fellowship has been founded by Wil- 
liam Johnston in connection with University College, Liver- 
pool, in memory of the late John W. Garrett, of Baltimore, 
and former Trustee of this Hospital, with the title of the 
“ John W. Garrett International Fellowship in Pathology and 


Physiology.” 
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The Fellowship is to be open to members of Universities 
and Medical Schools in the United States, without, however, 
precluding the conferring of the Fellowship upon members 
of other foreign schools. 

The Fellow is to be elected by the Faculty of University 
College, 
Pathology and Physiology. 
He is required to devote himself to 


Liverpool, on the nomination of the Professors of 
Ile is elected for one vear, but 
may be reappointed, 
research in physiology or pathology and bacteriology, under 
the direction of the Professors of Physiology and Pathology. 
The work is to be done in the Thompson Yates Laboratories 
of University College, but by special permission from the 
Faculty the Fellow may pursue necessary investigations else- 
where. ‘The expenses of all researches are to be met out of 


the funds of the laboratory. 


NOTES ON NEW BOOKS. 


Lehrbuch der Anatomie der Haustiere mit besonderer Beriick- 
sichtigung des Vferdes. An Stelle des in 1. und 2 von 
Leyh, in 3. und 4, von Franck, in 5. Auflage von Martin 
Herausgegebenen Handbuchs der Anatomie der lHaustiere. 
Vollstiindig neu Bearbeitet. Von Dr. PAUL MArrin, pro- 
fessor an der Tierarzneischule in Ztirich. (Stuttgart: Verlag 
ron Schickhardt & Kbner (Konrad Wittwer), 1901.) Price 40 
Marks. 


It is a pleasure for those interested in this subject to go 
through the new edition of the Leyh-Franck Anatomy, thor- 
oughly revised, in fact rewritten, by Professor Martin. The 
scope of the work is so extensive and the treatment so compact, 
thorough and scientific that students of veterinary medicine 
(or any medical students) must rise far above the average in 
ability and in training to pursue this anatomy. 

The work is divided into two large volumes, the first of which 
is devoted to general anatomy and embryology to the extent 
they underlie the systems of the body. Then the histology and 
micrescopic anatomy of the organs follow. This arrangement 
of the general part makes it possible to consider phylogeny 
With ontogeny without causing confusion. In facet. this is 
necessary. By this arrangement the first volume serves as a 
broad scientific basis for the second, thus giving a firm founda- 
tion upon which the systematic anatomy is easily united with 
the other morphological sciences. 

The author ineludes with the discussion of the organs their 
histology and micrescopic anatomy, for his experience as a 
teacher is that such treatment has always been welcomed by 
his students. In this direction the text is extensive enough and 
the illustrations sufficiently numerous to serve as a good foun- 
dation for these subdivisions of the main subjects. 

The second volume is devoted to descriptive systematic anat- 
omy. It is arranged to guide the student in the study of 
dissections. 

\llin all the work reminds one somewhat of Quain’s Anatomy, 
or rather of Rauber’s revision of it. The illustrations are num- 
frous and excellent, the text is well written and clear, showing 
that the author is master of the subject. 

That an \natomy of this rank is in its sixth edition speaks 
much for veterinary education in Europe. Students with a 
training in anatomy sufficiently broad to grasp this work are 
raised far above the average veterinarian of America. Fortu- 
nately, we have two or three veterinary colleges in which the 


course in anatomy is up to the level of Martin, and we cordially 
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recommend this book to them as well as to all others who are 
interested in the comparative anatomy of the domestic animals. 


A 'Text-Book of Histology. By A. A. Boum and N. von DaAviporr, 
Edited by Cart Huner; translated by IL Cusnine. 
(Philadelphia: W. B. Saunders & Co., 1900.) 


It is a matter for congratulation that so good a book as 
Bohm and von Davidotfs Histology has been translated into 
English, and put within the reach of all American students of 
anatomy. It would seem at first sight that a book of this char- 
acter written in German could be as easily and widely used as 
an English edition; but such is by no means the case. To the 
average student a foreign language forms a very considerable 
obstacle, and a good book written in German, for example, is 
not infrequently put aside for a less valuable English substitute. 
In editing an English version of what is one of the best short 
Histologies in any language, Dr. Huber has rendered a valuable 
service to both teachers and students; and in bringing this book 
to a certain extent up to date, he has made it a most valuable 
laboratory guide. 

It is somewhat to be regretted that the editor did not in this 
work bring all the parts of the book equally in touch with the 
latest literature. Many of the descriptions seem to have been 
left as they were in the original, no regard being given to work 
which has been done since that edition was published. Some 
organs, on the other hand, are described in great detail, and 
fairly full references made to the original sources of informa- 
tion. An excellent aceount is given of the epithelial and con- 
nective tissues, and the addition of Dr. Huber’s own work to 
the section on nervous tissues makes it an interesting and 
valuable article. The chapters on muscle and blood, however, 
might with advantage be much amplified. The lymph and thy- 
roid glands also merit more attention than they receive. Very 
good descriptions are given of all the thoracic and abdominal 
viscera, especial attention being given in almost every case to 
the nerve supply. This influence of Huber’s own work is felt in 
many of the chapters, and the detailed description of nerve 
endings in the various organs is a conspicuous feature of this 
edition of the book. The blood supply in most cases is much 
less fully described. 

The illustrations are excellent throughout, and good judgment 
is shown in their selection, There are very few that could be 
omitted with advantage. Perhaps the same criticism, however, 
could be made of the figures as has been suggested concerning 
the text. Some chapters are excellently illustrated and others 
only indifferently soe. This is hardly to be avoided in treating 
so large a subject in such a brief space. 

The part which deals with special technique is one of the 
most valuable in the book. It is compiled with the greatest 
care and contains numerous methods which will be of very real 
assistance to laboratory workers. The methods of maceration 
and digestion of tissues will be found especially instructive in 
laboratory courses, 

A good index and a list of the articles referred to in the text 
complete this excellent book, upon the appearance of which 
Dr. Huber is to be sincerely congratulated. It is without doubt 
one of the best brief text-books of Histology to be obtained at 
present. 

J. MacCaLiuM. 


Hand Atlas of Human Anatomy. By WERNER SPALTEHOLZ, Ex- 
traordinary Professor of Anatomy in the University and 
Custodian of the Anatomical Museum at Leipzig, with the 
advice of WiLneLM Hts, Professor of Anatomy in the Univer- 
sity of Leipzig. Translated from the third German edition 
by Lewettys F, Barker, Professor of Anatomy the 

University of Chicago, with a preface by FRANKLIN Ll, MALL, 
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Volk Bones, Joints, Ligaments. Cloth, $5.50. 


Pages 255, figures (Leiprig: S. Hirzel; New York: G 


Ntechert.) 


Deseriptive anatomy is essentially a study of form: and of 
Pieture and models constitute the most 


Illustra 


pietal relation 
atisfactory means of expressing these phenomena. 
tion is therefore a most important factor in anatomical study 
Pietures showing the main anatomical conditions which the 
researches of centuric have revealed serve a the best @uide 
in dissection; pietorial illustration is the best means of record 
ing the work of this kind. The student hould lave good 


his task. He should sketeh the results 


pretures tw nid him in 
of his disseetions in order to formulate clearly the ideas revealed 
to him by the work. 


\natomical illustration is an interesting subject. Before the 


bevinul of the nineteenth century it was the habit of the 


unatomist to make a rough sketeh of a dissected part. This 
keteh was then turned over to the engraver, who elaborated 
the drawing on wood or copper, eliminated its crudities and 
produced a fine picture, The effeet of the engraver’s imagina 
tion is most clearly seen perhaps in the plates that accompany 
the work of Versalius and the earlier anatomists. ‘The evi 

cerated subject of the dissection may there often be seen smil- 
ing in the midst of a beautiful landscape. As a rule, parts of 
the Dany are shown out of their true positions in the body 
often considerably distorted, in order to show the front and 
back of the same objeet in the same pieture, 

In the early part of this century the lithograph was intro- 
duced as means of illustration. Here too the hand of the 
lithographer could be relied upon to correct and elaborate 
original sketches. Many of the phates made by this process 
are very beautiful, though here, as in the case of the engray 
ing, there has always been the danger of error owing to the 


elaboration being made from the drawing, not from the object. 


Of revent vears the attempt has been made more and more 
to pieture the various parts of the body in their true position 


relative too the eontour, to picture thie deeper muscles, for 


instanee, as they appear when the superticial muscles have been 
removed, to show nerves and arteries by representing parts 
covering them as cut away instead of pulled aside. This ha 


necessitated much more care in the preparation of the parts to 


he pietured; it has necessitated much more skill on the par 


he artist who attempts to depiet the parts in their trie 


relations aud proportions, Unb the anatomist is an artist ol 
isual skill and ability he must call in the serviees of a 
trained artist if he wishes to illustrate his work well 


Chis necessity is rendered still more imperative by the modern 
methods of making plates by the aid of photography. The 
natomist cannot hand over a rude sketch to the publisher whe 
desires that the cheaper photograph methods of reproduction 
be used. The crudities of the sketeh appear in the reprodue 
tion with startling distinetness. The reproduction appears less 


well finished instead of better tinished than the original. The 


trained artist who cun make drawings that can stand mechani 


eal reproduction has become a necessity. [no many ways this 
isa vreat gain Its far better that the elaboration should be 
made from the object itself, as is the cause when anu artist is 


employed, rather than from a sketch, as was the case in the 
old days of engravings. 

Good pictures, moreover, are seldom possible without the aid 
of a constructive imagination, Anatomical pictures reproduced 
from photographs of dissections are with few exceptions bar 
barie in thetrr erudity Photographs alone can be depended upon 
ouly when the object pictured is extremely simple or when the 


very greatest care is taken in making the dissection and the 
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photograph is afterwards carefully retouched. Riidinger’s 
tiful Nerve Athis shows with what success this may be done. 


In the Athis before us modern conventional methods o 


llus 
tration have been used, but they have been used with a perfee 
lion not hitherto seen in text-books of human anatomy. ‘The 
drawings have been made by skilled artists and for the mosi 
part from careful dissections especialiy made for the purpose, 
Wash-drawings reproduced in half-tone are used to illustrate 
detailed structures and outline drawings are freely used for the 


purpose of pointing out relations. In illustrating the ligaments 


the bones are toned yellow for contrast. Colors are also used 


with effect in the volume on the muscles and blood-vessels whieh 
has appeared in German but has not yet been translated inte 
Knglish. 


Spalteholz is well acquainted not only with the literature of 


inatomy but also with practical dissecting. His experience has 


f view both striking and instructive 


led him to choose points 
Throughout, the attempt has been made to show things in their 
true relations. 

In the volume before us (Vol. t, Bones, Ligaments and Joints) 
there is a preface by Prof. Mall in which the value of pictures 
to the student of anatomy is emphasized, and one by the author 
in Which the veneral scope of the work is set forth. We could 
Wish that Spalteholz had authorized the translation of his very 
excellent preface to the German edition. The Engtish of the 
preface prepared for the translation is far from idiomatic 

The points illustrated in the various pictures are designated 
by printing their Latin title in full at the margin of each figure, 


The bones of the skull are tirst depicted, several views of each 


bone being given in order that all the main points may be illus- 
trated, ‘The method of showing the relations of several of the 
bones is particularly happy. An individual bone, for instance 


the ethmoid, is drawn carefully in detail. The neighboring 
bones are drawn in simple outline. Following the illustrations 
of the individual bones several fine pietures are given of the 
skull as a whole, and of the chief cavities of the skull: the 


‘ibs and the bones of the limbs are then taken up 


yvertebray and 
in detail. A very good picture of the skeleton of the thorax is 
viven. On outline drawings muscle attachments are indicated, 
Vhe section on the ligaments is very satisfactory and is much 
more extensive than is common in the text-books. The internal 
architecture of the bones is shown in several special drawings 

Nomenclature is another most important consideration i the 
study of anatomy. The great wealth of detail which four cen- 
turies of earnest work has brought to light concerning the 
structure of the htonan body has been accompanied by an even 
vreater mass of name Investigators who have found nothing 
new or who have rediscovered facts already known have not 
hesitated to coin new terms until descriptive anatomy fairly 
vroans under the load of terminology which rests on ifs should- 
ers. A) great advance was made by the Anatomissche (esell- 
schaft at their meeting in Basel in 1895, when they adopied a 
list of descriptive terms whieh tend greatly to simplify the 
subject (His: Supplementband zur \nat. Abtheilung des 


Anatomie Physiologie, 1805). 


Che New 


throughout the book with a few unimportant exceptions, We > 


Nomenclature has been used systematically 


lieve that it is a mistake, however, to give a Latin name to ever) 
nook and corner of the human body. The more definite ru 
tures of the human body, like the bones, the main muscles, the 


larger arteries, veins and nerves and similar structures, are be 
designated by a specific name. Most of these terms have been 
derived from the Latin and by usage have become embodied in 
the various modern languages, sometimes unchanged, some- 
times with slight alteration. Thus clavicle, humerus, femur, 
biceps, are all words in more or Jess common use in English. 
We think it is a very erave mistake, a relie of unprogressive 


seholusticism, to make use of Latin when terms are used to 
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describe as well as designate various detinite structures of this 
nature. In the description of the frontal bone we can see no 


possible advantage in an English book in writing “ In the medial 


part of the marge supraorbit. there is often a shallow notch, 
incisura [rontalis (varely a foramen frontale) (lor the a, frontalis; 


r frontal. uo. frontal) and lateralward from this a foramen 
or ean ineisura supreorbitalis (for the a. supraorbit.: 
n. supraorbit.) the anterior convex surface, facies frontalis 


This great inass ol descriptive Latin terminology merely serves 


to confuse the student and to take his mind from the essential 


to the unessential, from the object to the descriptive term. 


An absurd 
parts of the body is at present demanded of the medical student. 


amount of detailed acquaintance with dissociates 
It is a pity to coatinue to add a mass of Latin to his burden at 
the very time that he is beginning to be freed from the shackles 
of therapeutical botany and its barbarisms. 


The main object of an anatomical atlas is to furnish eood, 


clear pictures of the various parts of the body. The text is of 
minor importance and its chief function is to point out the 
relations revealed by the pictures and the relations of the 


pictures to one another. This function is admirably served by 
the text accompanying the illustrations in Spalteholz’s atlas. 
Such a text confessedly does not take the place of a good text- 
hook. In addition to the the 


which the dry subject of descriptive anatomy is brightened and 


atlas student needs 2 book in 


enriched by treating of the various parts of the body in their 


relation to physiological phenomena, to embryology and_ to 


comparative anatomy. Gegenbauer’s Anatomie des Menschen is 


an admirable exemple of such a text-book in which the side of 
embryology and comparative anatomy is especially emphasized. 

The English reading student of medicine is fortunate in hav- 
ing had translated for his use this excellent Atlas of Spalteholz. 
He is especially fortunate ir having a translation that has been 
made by a man of the marked ability of Professor Barker. 
Professor Barker has been very true to the original text and yet 
has been able to give us a text exceptionally smooth for a trans- 
lation so literal. 
hook shows the care and nicety thai 
distinguishes the firm of Hirzel. 

We could wish that there were more pictures in this volume 
For 


The printing of the 


in which the skeleton as an organic whole were shown. 
instance, not only is there no picture of the skeleton as a whole, 
but there are none of the limbs as a whole. It is not enough, 
we think, to give in an atlas merely the hand, the forearm and 
the humerus as separate parts. 

In comparing the illustrations of this Atlas with text-books 
scope we find that that of Toldt 


The beautifully illustrated text-books of 


of a similar is the one most 
similar to it in seope. 
Testut 


different. function to perform. 


much more expensive and have a 


Compared with Toldt’s Atlas we 


Sappey and of ure 
lind the pictures in Spalteholz are more delicate in detail and 
less diagrammatic. On the other hand, the pictures in 'Toldt 
are made sharp and vigorous, owing to the dependence on lines 
light Toldt 


organs in relation to larger areas of 


rather than on and shade. also has done well in 


showing the the body 
rhe superiority of the pictures in Spalteholz lies in their natural 
tone, 

BARDEEN. 


CHARLES RUSSELL 
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THOMAS CULLEN, M.B., Associate Protessorot Gynecology. WARREN H. Lewis, M. D., Assistant in Anatomy. 
Rem Het, Pa.D., M.D., Associate Professor of Pharmacology. JoserPH ERLANGER, M. D., Assistant in Physiology. 
Ropert L. RANDOLPH, M. D., Associate in Ophthalmology and Otology. H. W. Beekver, M.D., Assistant in Obstetrics, 


WILLIAM Baer, M.D., Assistant in Orthopedic Surgery. 


GENERAL STATEMENT. 


The Medical Department of the Johns Hopkins University was opened for the instruction of students October, 1893. This School of Medicine is an in- 
tegral and coiirdinate part of the Johns Hopkins University, and it also derives great advantages from its close affiliation with the Johns Hopkins Hos- 
pital. The required period of study for the degree of Doctor of Medicine is four years. The academic year begins on the first of October and ends the 
middle of June, with short recesses at Christmas and Easter. Men and women are admitted upon the same terms. 

In the methods of instruction especial emphasis is laid upon practical work in the Laboratories and in the Dispensary and Wards of the Hospital. 
While the aim of the School is primarily to train practitioners of medicine and surgery, it is recognized that the medical art should rest upon a suitable 
preliminary education and upon therough training In the medical sciences. The first two years of the course are devoted mainly to practical work, com- 
bined with demonstrations, recitations and, when deemed necessary, lectures, in the Laboratories of Anatomy, Vhysiology. Vhysiological Chemistry, 
Pharmacology and Toxicology, Pathology and Bacteriology. During the last two years the student is given abundant opportunity for the personal study 
of cases of disease, his time being. spent largely in the Hospital Wards and Dispensary and in the Clinical Laboratories. Especially advantageous for 
thorough clinical training are the arrangements by which the students, divided into groups, engage in practical work in the Dispensary, and throughout 
the fourth year serve as clinical clerks and surgical dressers in the wards of the Hospital. 


REQUIREMENTS FOR ADMISSION. 


As candidates for the degree of Doctor of Medicine the school receives: 

1. Those who have satisfactorily completed the Chemical-Biological course which leads to the A. B. degree in this university. 

2. Graduates of approved colleges or scientific schools who can furnish evidence: (a) That they have acquaintance with Latin and a good reading 
knowledge of French and German; (b) That they have such knowledge of physics, chemistry, and biology as is imparted by the regular minor courses given 
in these subjects in this university. 

The phrase *‘a minor course,”’ as here employed, means a course that requires a year for its completion. In physies, four class-room exercises and 
three hours a week in the laboratory are required; in chemistry and biology, four class-room exercises and five hours a week in the laboratory in each 
subject. 

3. Those who give evidence by examination that they possess the general education implied by a degree in arts or in science from an approved 
college or scientific school, and the knowledge of French, German, Latin, physics, chemistry, and biology above indicated. 

Applicants for admission will receive blanks to be filled out relating to their previous courses of study. 

They are required to furnish certificates from officers of the college or scientific schools where they have studied, as to the courses pursued in physics. 
chemistry and biology. If such certificates are satisfactory, no examination in these subjects will be required from those who possess a degree in arts or 
science from an approved college or scientific school. 

Candidates who have not received a Gegree in arts or in science from an approved college or scientific school will be required (1) to pass, at the 
beginning of the session in October, the matricuiation examination for admission to the collegiate department of the Johns Hopkins University, (2) then 
to pass examinations equivalent to those taken by students completing the Chemical-Biological course which leads to the A. B. degree in this University, 
and (3) to furnish satisfactory certificates that they have had the requisite laboratory training as specified above. It is expected that only in very rare 
Instances will applicants who do not possess a degree in arts or science be able to meet these requirements for admission. 

Hearers und special workers, not candidates for a degree, will be received at the discretion of the Faculty. 


ADMISSION TO ADVANCED STANDING. 


Applicants for admission to advanced standing must furnish evidence (1) that the foregoing terms of admission as regards preliminary training have 
been fulfilled, (2) that courses equivalent in kind and amount to those given here, preceding that year of the course for admission to which application 
's made, have been satisfactorily completed, and (3) must pass examinations at the beginning of the session in October in all the subjects that have been 
already pursued by the class to which admission is sought. Certificates of standing elsewhere cannot be accepted ip place of these examinations. 


SPECIAL COURSES FOR GRADUATES IN MEDICINE. 


ane the opening of the Johns Hopkins Hospital in 1889, courses of instruction have been offered to graduates in medicine. The attendance upon 
vese courses has steadily increased with each succeeding year and indicates gratifying appreciation of the special advantages here afforded. With the 
completed organization of the Medical School, it was found necessary to give the courses intended especially for physicians at a later period of the 
Siti u an that hitherto selected. It is. however, believed that the period now chosen for this purpose is more convenient for the majority of 
ee desiri g to take the courses than the former one, — he special courses of instruction for graduates in medicine are now ven annually during the 
months of May and June. During Aprii there is a preliminary course in Normal Histology. These courses are in Pathology, Bacteriology, Clinical Micro 
pie General Medicine, Surgery, Gynecology, Dermatology, Diseases of Children, Diseases of the Nervous System, Genito-Urinary Diseases, Laryngology 
ae mn and Ophthalmology and Otology. The instruction is intended to meet the requirements of practitioners of medicine, and is almost wholly 
ne tote ! character. It includes laboratory courses, demonstrations, bedside teaching, and clinical instruction in the wards, dispensary, amphitheatre, 
pron ra ne soe of the Hospital. These courses are open to those who have taken a medical degree and who give evidence satisfactory to the 
ve Jastructors that they are prepared to profit by the opportunities here offered. The number of students who can be accommodated in some of the 
— courses is necessarily limited. For these the places are assigned according to the date of application 

“a October a select number of physicians will be admitted to a special class for the study cf the important tropical diseases met with in this 


The Annual (Announcement and Catalogue will be sent upon application. Inquiries should be addressed to the 


Tuomas M. B., Associate in Medicine. 
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PUBLICATIONS OF THE JOHNS HOPKINS HOSPITAL. 


THE JOHNS HOPKINS HOSPITAL REPORTS. 
Votume I. 423 pages, 99 plates. 


Votume II. 570 pages, with 28 plates and figures. 


Votume III. 766 pages, with 69 plates and figures. 


VoLtume IV. 504 pages, 33 charts and illustrations. 
Report on Typhoid Fever. 

By Witiram Oster, M. D., with additional papers by W. S. Tuayver, M. D., 
and J. Hewetsox, M. D. 

Report in Neurology. 

Dementia Paralytica In the Negro Race; Studies in the Histology of the 
Liver; The Intrinsie Pulmonary Nerves in Mammalia; The Intrinsic 
Nerve Supply of the Cardiae Ventricles in Certain Vertebrates; The 
Intrinsic Nerves of the Submaxillary Gland of Mus musculus; The 
Intrinsie Nerves of the Thyroid Gland of the Dog; The Nerve Elements 
of the Pituitary Gland. By Henry J. Berkiey, M. D. 

Report in Surgery. 

The Results of Onerations for the Cure of Cancer of the Breast, from 

June, 1889, to January, 1894. By W. S. Haustep, M. D. 
Report in Gynecology. 

Hydrosalpinx, with a report of twenty-seven cases: Post-Operative Septic 

Peritonitis; Tuberculosis of the Endometrium. By T. S. Cunuen, M. B. 
Report in Pathology. 
Deciduoma Malignum. By J. Wuuirrinege Wittiams, M. D. 


480 pages, with 32 charts and illustrations. 
CONTENTS: 

The M: alert Fevers of Baltimore. By W. S. Tuayver, M. D., and J. Hewer- 
SON, 

A Study of some Fatal Cases of Malaria. By Lewetiys F. Barker, M. B. 

Studies in Typhoid Fever. 

By Wituiam Oster, M. D., with additional papers by G. Buivmer. M. D., 

Simon Fiexner, M. D., Watrer Reep, M. D., and H. C. Parsons, M. D. 


VoLuME V. 


Votume VI. 414 pages, with 79 plates and figures. 


Report tn Neurology. 


Studies on the Lesions produced by the Action of Certain Poisons on the 
Cortical Nerve Cell (Studies Nos. I to V). By Heyny J. Berkey, M. D. 

Introductory.—Recent Literature on the Pathology of Diseases of the Brain 
by the Chromate of Silver Methods; Part I. —~Alcohol Poisoning. —Exper- 
imental Lesions produced by Chronic Alcoholic Poisoning (Ethy! Alco- 
hol). 2. Experimental Lesions produced by Acute Alcoholic Poisoning 
(Ethyl Alcohol); Part [I1.—Serum Poisoning.—Experimental Lesions tin- 
duced by the Action of the Dog's Serum on the Cortical Nerve Cell; 
Part IlI.—Ricin Poisoning.—Experimental Lesions induced by Acute 
Ricin Poisoning. 2. Experimental Lesions induced by Chronic Ricin 
Poisoning: Part IV.—Hydrophobic Toxaemia.—Lesions of the Cortical 
Nerve Cell produced by the Toxine of Experimental Rabies; Part V.— 
Pathological Alterations in the Nuclei and Nucleoli of Nerve Cells from 
the Effects of Alcohol and Ricin Intoxication; Nerve Fibre Terminal 
Apparatus; Astheniec Bulbar Paralysis. By Henry. J. M. D. 


Report in Pathology. 
Fatal Puerperal Sepsis x oad to the Introduction of an Elm Tent. By 
Tuomas S. M. 
Pregnancy in a ew Uterine Horn. Rupture, Death, Probable 
Migration of Ovum and Spermatozoa. By Tuomas S. Cunuey., M. B., and 
G. L. Wirkins, M. D. 
Adeno-Myoma Uteri Diffusum Benignum. By Tromas M. B. 


STUDIES IN TYPHOID FEVER. 


SERIES I-II-III. 


A Bacteriological and Anatomical Study of the Summer Diarrhoeas og 
Infants. By D. Booker. M. 
The Pathology of Toxalbumin Intoxic ations. By Simon FiLexver, M. D. 


Votume VII. 537 pages with illustrations. 


I. A Critical Review of Seventeer Hundred Cases of Abdominal Section 
—- the standpoint of Intra-peritoneal Drainage. By J. G. Crank, 


D. 

Il. The Btlology and Structure of true Vaginal Cysts. By James Eanes 
SToKes 

III. A Review of the Pathology of Superficial Burns, with a Contribution 
to our Knowledge of the Pathological Changes in the Greens in cases 
of rapidly fatal burns. By CuHaries Russet, Barpeex, M. 

IV. The ore. Growth and Fate of the Corpus Luteum. ‘By J. G. 
M. 

V. The Results of Cperptions for the Cure of Inguinal Hernia. By 
Josern C. Bioopeoop, M. 


Votume VIII. 552 pages with illustrations. 

On the role of Insects, Arachnids, and Myriapods as carriers in the spread 
of Bacterial and pemee Diseases of Man and Animals. Ly Groner 
H. Nurraut, M. D., Pu. 


ct in Typhoid Fever. 


By Wituam Oster, M. D., with additional papers by J. M. T. Fixyyey, x»: D., 
S. Fiexner, M. D., . P. Lyox, M. D., L. P. Hamevrerr, M. D., W. 
Cusnina, M. D.. J. F. Mitcnert, M. D., ©. N. B. Camac. M. 
M. D., CHarLes P. Emerson, M.D., H. H. Youne, M. D., and W.S. THayver, M.D 


Vorrme IX. 


trations. 
Contributions to the Science of Medicine. 


Dedicated by his Pupils to Wittiam Henry WeELcH, on the twenty-fifth anniversary 
of his Doctorate. This volume contains 38 separate papers. 


1060 pages, 66 plates and 210 other Tus 


The set of nine volumes will be sold for fifty dollars, net. 
Volumes I and II will not be sold separately. Volumes III, 
IV, V. VI, VIE and VIIT will be sold for five dollars, net, 
each, Volume IX will be seld for ten dollars, net. 


SEPARATE MONOGRAPHS REPRINTED FROM THE JOHNS 
HOPKINS HOSPITAL REPORTS. 
Studies in Dermatology. By T. C. Gitcurist, M. D., and EMMET RIXxPorp, 
M. D. 1 volume of 164 pages and 41 full-page plates. Price, in paper, $3. 
The Malarial Fevers of Baltimore. By W. S. THaver, Mt. D., and J, 
Hewersox, M.D. And A Study of some Fatal Cases of Malaria, 
By Lewettys F. Barker, M. B. 1 volume of 280 pages. Price, in paper, $2.75, 

Pathology of Toxalbumin Intoxications. By Simoy Fiexyxer, M D 
1 volume of 150 pages with 4 full-page lithographs. Price, in paper, $2.00, 

Studies in Typhoid Fever. I, If. By Wittiam Oster, M. D., and others, 
Extracted from Vols. IV and V of The Johns Hopkins Hospital Reports, 1 
volume of 481 pages. Price, in paper, 38.00. 

Studies in Typhoid Fever. Ul. By Wittiam Oster, M. D., and others, 
Extracted from Volume VIII of The Johns Hopkins Hospital Reports. One 
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volume of 400 pages. Price, in paper, 33.00, 


THE JOHNS HOPKINS HOSPITAL BULLETIN. 


The Hospital Bulletin contains details of hospital and dispensary practice; 
abstracts of papers read and other proceedings of the Medical Society of the Hospital, 
reports of lectures, and other matters of general interest in connection with the 
work of the Hospital. It is issued monthly. Volume XII is now in progress. The 
subscription price is $1.00 per year. The set of twelve volumes will be sold for 
$23.10. 

Orders should be addressed to 

The Johns Hopkins Press, Baltimore, Md. 


The papers on Typhoid Fever, edited by Professor William Osler, M. D., and printed in Volumes IV, V and VIII of 


‘The Johns Hopkins Hospital Reports have been brought together, and bound in cloth. 
The volume ineludes thirty-five papers by Doctors Osler, Thayer, Hewetson, Blumer, Flexner, Read, Parsons, Finney, 


Cushing, Lyon, Mitchell, Hamburger, Dobbin, Camac, Gwyn, Emerson and Young. 
It gives an analysis and study of the cases of Typhoid Fever in The Johns Hopkins Hospital for the 


with illustrations. 
pas t ten years 


The price is $5.00 per copy. 


Only a few copies of the volume are on sale. 


lt contains 776 pages, large octavo, 


Those wishing to purchase should address 


their orders to the Jouns Horxins Press, BaLrimore, Ma ARYLAND. 


The Johns Hopkins Hospital Bulletins are issued monthly. They are printed by THE FRIEDENWALD CO., Baltimore. Single copies may be procured from 
Messrs. CUSHING & CO. andthe BALTIMORE NEWS CO., Baltimore. Subscriptions, $1.00 a year, may be addressed to the } 
PRESS, BALTIMORE; single copies will be sent by mail for fifteen cents each, 


ublishers, THE JOHNS HOPKINS 


